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SOttio brewors udmit the water into the mnphing \\in at a biglior tomperatnre tlmn is necessary 
^r tlfo mash, allowin?? it to cool before the malt is put in. In other breweries, the malt and water 
ftt-e introduced together into a machtned mash tun, the initial heat of the inasli beiitg mueli higher 
than that required for the operntion, sc as to oompeusatq f >r the' loss of heat communicated to tho 
mash tun. But it uf preferable first to heat the mash tun with water, and tlieii to introduce tho 
malt|il>ecau8e the loss of heat in this instance only accrues from tho malt admixed, and the opera- 
tion can bo conducted with greater certainty. Another plan extensively adopted is, to moisten tho 
|]nalt to be mashed with water at a low temperature, in su^loient quantity to cause the malt to swtill, 
|andtlieu to^^dd the remainder of the water at ai* increased tenqjenituro, necessary to impart tlie 
1 proper temi>orature for the mashing. ^Pho water addecl is gonerally at tlie tomperittdre of 88'^ to 
(11)0^ to F.). I’his pl.ji is stated to lieve two advantiitgoa : it lessens the Icndoncy to set, and is 
very exliaustivc of the extractive matter of tho goods, It enables tlie diastase to act more freely 
upon the starch, bncanwo tlie Inrgt r par! of tlio sugar is dissolved out during the first wcdtirig, 
leaving the remaining constituents in a better conditiou for attack Viy the solution. With rt'gard 
to this system, other authorities atlirm that, because the <liaslasc is very soluble, it is removed willi 
the sugar and ft-om direct action on the starch. ITpon this consideration, as well as from others, the 
general defects of masliingas nsiiully employed, in any system, have been summed up as follows : — 
Inellicient extraction, portions of tlic gluten and starcli of the grain becoming a gi'latinons’ mass, 
which prevents, by forming an impermeable eoating, the remaining constituents from bts'iig 
attacked. The starch r'emains unconverted inh> glucose in coiisequcuco of too low a tempeniiure 
being employed in the ojieration. 

DoiKuau gi\(*s Ibe following temperatures for masliing : For well-dried pale malt, the first mash 
water should not exceed 77'^’’ (170^ F.); tho second, 82'^ (180*^ F.); and the third, 80 *^ (1S5 ’ F.) ; 
,<sauming the temperature the atmosphere not lo t'xc«'cd 10'^ (50'' F.). Sullivan states that under 
his exjierimenis 100 parts of starch were transformed into 100 parts of sugar, but this sugar 
was intermediate in molecular structure between grape sugar and stnrch, and he termed it 
mallasc, as nrcwiously rehrred to. This sugar is white, soluble in water, but loss soluble in 
alcohol than glucose. 

Englisb mashing, which is an infusion proces.s, diflers from tho Continental, and distinctly from 
the Bavarian process, since tlie latter is a method of decoction. With the English process, the 
malt is first opened or cracked, and sometimes comes from the rollers not jicrfectly crushed ; on tho 
Continent, tlie malt is more finely cruhln^d. Formerly, the malt was allowed to fall into water that 
had been first placed in the ruash tun, but iu present practice tho malt is brought into eontnet 
with hot water, at a ti'inperaturc (hilcnnined by tho circums1anc(<s of the particular situation and 
arrangement of th(' bnnvery. The English process di'pends ehiolly in th(‘ use of water at a 
tolerably high tenqierutiiro, and its charaetiTislic is a high initial h-m]K‘ratnr<^ 

'J'he English brewer .^oi ks h) avoid having too mucli albuiiiiiious matter in solutioH ; whilst tho 
Ceriuun brewer oinleavours to render tin; albumen as solu le as possible, beeanse lie has to make', a 
beer intended to be kept only for a short time. In parts of (hnmmny and Bi-lgium, the English 
sysh'Di of (unploying a high initial temperature is mhqited, hut with some modillcations. TJk' mash 
first of all is given a temperature of 38° to 4i)° (100' to 120° F.), and soinetiim-s ns liigli as 
t'0° (1-10'' F.). It is allowed to stand for a short time, and'liot vater is tiddeil to bring up the tem- 
perature to about 05° to 71° (150° to 100° F.), the wort being run off after aullli'ient infusion. A 
higber tianperaturc is sometimes employed, even bf)ili!ig liquor Ixdng addisl in order to raise tlie 
mash to 77" (170^^ F.), when it is left to digest, until iodine watin* or an alcoholic eolnihm gives 
no blue reaction. The infusion process, gem-ral on tlie Continent, differs therefore in starting with 
a lower temperature, and in attaining a iiighur temperaturo by hucccssivo mlditions of liot wut.t r. 

As an example of the proec^ss of deeiK’-tion, the old Bavarian nielliod may be citi'd ; and this 
consi.'its in boiling the wort along witli tho grains. 'Idm malt after it is prope.rly ground is thrown 
into cold water, and is allowed to remain therein for from one to tliri-e lamrs ; after this, hot walm- is m 
added U) raise the temperature of the mash to 3.5° to 38° (35'' to 100° F.). After standing a sh</rt 
time, the tap is opened, and grains, meal, in fact the whole of the conhaits of the tun, run off into tho 
boiler. This thick mash, termed “ diokmaiseh,** is lieiloil vigorously for half an hour, and is thi'ii 
run back again into thti mash tun, where it has u temperature of to 52° (120° to 125° F. ), and the 
infusion process is allowed to go on. A second thick mash is punijicd up into tho boiler, and hoih d /or 
half an hour ; it is then run into tlie mnsh tun, the temperature being raiswl in thh^anner to 6y \ 
(145° F.). After a little mashing, tho coiiteutsof tho tun are allowed to romain. third nissli, 
or “ lautermaisoh,” is tlieu run off, and is a tolerably clear mash unmixod with grains. This is 
boiled in a copper for about half an hour, when it is run inhj th(^ mash tun, to raise the tempe- 
rature to 75° (165° F.). The contents of tho tun are tlien tappcnl and sparged with cold vsaler. 

In Belgium, wherti malt and raw wheat are used together, the jirocess is first conducted accjording 
tr* tho English infusion mctluxl, a portion of the thick mash being pumped into the boiler and 
boiled. AUhongh this lioiling de.^troys the diastase, it thoroughly breaks up the integumiaits of 
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malt, and in this way the starch is converted into a Ignd of starch paste; when Jp th^ 

tnn, thin panto mcctei witli the diastase remaining unconverted, and then velty rapidly undergo^ 
clijuigo into dcxtrific and hugar. From the nature of the German process, the wort is rich in doxtricre 
and poor in sugar; consrcpi^ntly when fermented it yields loss alcohol. 

Gruhiirn lias (^xporimented, for the imrpose of answering the cpiestion, in what way can the 
practical Itn-wer alter the ratio of dextrine to glucose ; to ascertain if it can be altered to any extent, 
and wlK'thcr lluire is a limit to the action of the diastase on the starch. The experiments wore 
coiillned to one malt, anulyhis of which gave — 


Water ^ 

.. 7-51 

Albuminous bodies (insoluble) .• 10*71 

Glucose 

.. 6*48 

Ash 

2*50 

Dextrine' 

.. 8*82 

Woody fibre, empyrenmatic products, 

Hturch 

.. 48-77 

and tho like .. 

14*37 

Alhuniinous Indies, soluble .. 

.. D48 




Cold Aqueous Extract. 




15 minutes. 

30 minutes. 

Glucose * . 

.. 

.. 5*48 

7*14 

* Dextrine 


.. 8*82 

9*05 

• 

Alcohol u 

• 1 Ixtract. 




80 per cent. 

50 per cent. 

Glucose 



1*00 

5*G8 


\Vh(‘ii 111 is iTialt was tnat« d with water there wr i obtaineil, after a period of fifteen minutes, 
5*4K per c< nt. of sngjir, and S'H2 per cent, of dextime, or in an additional fifteen minutes, 17*14 qf 
sugar uml 0 * (15 o f dextrine. An almost identical solution nnus ohiaiiiod witli .^>0 per eont. of alcohol, 
and from tliifflTct it was concluded that the particular sumide of malt contained an animiiit of sugar 
equal to hil per cent. 'I'lie n(‘xt point asn rtained was llie amount of action tahing place atdiffi;rcnt 
lemporatureH in a given time; and starting wilh cohl water at 15^ to (GO to 70^ F.) the liquor 
was raised to the Uimperuture indicat('<l in th(‘ following tul»K‘, and continued for two liours : — 


:\,K' 

( lOO'^F.) 


Glucose, per eont 24*19 

Dextiino and atarcdi 94*00 


4:i 

49 ' 

54° 

CO' 

(11 ir F.) 

(1*20 ' F ) 

F) 

(140^' F) 

30 00 

I 32-17 

35*71 

37 -.50 

29*25 

1 27 33 

21*11 

2G*70 


'rin-se r(‘snlls show that there is a gradual increase in the amount of sugar formed, and that at 
GO ’ ( 1 l(f’ F.) the pro(.’('HH instead of bt ing gradual, suddenly iiicrt'asch in intensity, yielding a much 
gr(’nl(!r aTiioutd, ofextraet. 

Graham also has h sted tho validity of tlu' assertion as to the Ge rman proeess, varying in the 
range of temp('mture of 74'’ to 7*>^ (1G5" to IG7'^ F.), being the most favourable for the oonversiori 
of slaridi and dextrine into sugar. The mashing heat was started ou the prineiple of a low initial 
ioiupi'i'iitiirt', raisc'd u]) in the first hour to 9S"’ (100'^ F.). It was then kept for two hours at a tenV 
p<'rutur(‘ of Gtr to GiF (140" to 115 ’ F.), mid was finally raised to 74" or 75" (1G5" or 1G7" F.). The 


following table' shows the results : — 

Two liouis at Six hours at 

j 7.V' to Kh ' F.) 74^ to 76^' (165° to 1C7"’ F.) 

Weiglit of extract per cent 70-25 70*55 

Draff „ .. .. 21*58 20*71 

Glucose „ .. .. 99 OG 41*G71 

= Starch G2 * 52 Starch G2 * 5 1 

Di'xtriuo .. .. 27*:1 gI 25*00 


These results show a considerably huger amount of extract than with cold w^ater, very much 
higher evini Hum iu tho Fuglish infiisum pmccss. By prolonging the period for the temperatures 
at a higher stage, the German brewc'r is c(»rr<wt iu his hlea of getting a larger amount of 8uga«,and 
it remained to he seen, as an interesting experiment, wlmt an extreme ternpenitiire of 79" (175" F.) 
\Vonld allech^'^A sample of malt was taken, and heated gradually, during sixty niinutes, from the 
cold up to 77" (17(f' F.). It was then kept at that exceiHlingly high temperature for two hours, 
and tiie luuoimt of sugar formed and extract (|}>taified, are us in the following table : 



(0 

(2) 

Weigld. of extract, per cent. 

Gl>*70 

. .. 69*10 

Draff 

.. 23-51 

. .. 23*35 

Glucose „ 

32*10 

32*05 

Dextrine 

.. 30*29 

30 *00 
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Gftal»ani considers that these experiments are conclusivo as to the advantage of low initial tem- 
’XJrature, and a high final temperature, and therefore experimented as to the host way to arraiigc^ 
the mashing totn])erature8. Malt was heated fiom the cold up -to 29'^ (H5^ F.) for one hour, then 
from 29^^ to G0° (MO^ F.) for ono hour, when it was kept for three liours at 00^, juid tlnai hoiled. 
In the second scries of experiments tlio malt was raised during the first hour from the cold to GO^, 
wlum it was allowed to remain for two hoius, and then raised very rapidly to 79 ^, wlien it was 
boiled. In the tljird experiment it was raised in the first hour to G0% maintained during the second 
at tliat temperature, and in the third hour raised to 


Wi'ighl of extract, 


(1) 


(2) 


0) ' 


per Ct.at, 

71 '50 


71-06 

. t 

69-00 


Drafi* 

») 

.. 21-70 

.. •• 

22-35 


22 -G1 


lucoso 

o 

, . 4 1 • GG j 

.t= Starch 

40 -o?! 

= Starch 

So 72j 

= Starch 

Dextrine 

a 

.. 25-09) 

G2-59 

36 ‘45) 

62-51 

28-65) 

60-67 


The first two series give practically the same results, but wi^i rapid incri'ase of hmipcralnro 
there was great reduction in the amount of extract, as well as in tlio ratio of tla^ sugcr 'io ll)o 
dextrine. Clraliam considers these {*xj)erimen(s to show that Ih ^ more gradually the tejnpin'stnre 
is raise<l, the more complete is the extract, ami the higher the sugar-forming ratio. 

In Graham’s expciriments, the staich was broken a}», not according to Muscnius’ theory, but in 
the reverse ratio. There wiu^ a larger amotint of sugar and a snnillor increase of dexlrino. 
Keforring to the ex})erimcuts on the Ehgbsh infuMon fu-ocess at G0'\ 33*5 per cent, of ghu'ose 
is formed. As tli(3 tunj^crature increases so the amount of sugar dt ert'ases, until at 77'^' tho 
dccn'as(‘ is very great. 'I'liose (iXjieriineuts [irovc that tho higher th*' initial tern [ h ‘ rat are, the h;88 
active tho diastase ; and the less extract in a givt n time, the less sugar is formed. Fj aiarting with 
a low initial temperature, and raising it in the course of an lionr to tlietemp< rature indicated, main- 
taining tliat tmniierature lor two liours, there is a gradual increment of sugar with a gradual incre* 
rnont of total extract. 


Malt Infusion, Low Initial Temperature. 



1 

1 

43° 

49*^ 

54'^ 

«0” 


(100'^ F.) , 


(120‘^ ]-\) 

(130” F.) 

(140” I'.) 



24-79 

80 0 

32-2 

8r)-7 

37-5 

Dextrine ' 

34-00 

29*2 

27-3 

2M ; 

26 *5 


From this table, it will lx seen tliat at G(P the p(‘rccntago of glucoso lias risen to 97‘f) per cent.^ 
imliciiting that a low initial tempi'raturc is best for the sohiti ui of the iliastaso. But for a given 
time, tlie diastase, wln n dissolved, attachs the starch most vigor uisly at a temperature of about GiP 
to and whilst this h'lnjieraiuro is ailvantageous for the rajiid convi'rsion of starch into sugar 
and dextrine, i-xpeiiments have shown that the tcmperaluro of 71'^ to 75'^ was best for rajiid con- 
version of dextrine into sugar. Graham makes tlie following deductions as to tho practical boariugs 
of th(‘.se facts. 

B.irh'y mall when well prepared contains an amount of albnminons sidisiancos, or diastase, j>ro- 
duced in the germination process, greater tlian is necided for the Conversion of starch found in the 
nialt. Time is an important element in tho changes produced, and the longer the time at a low 
temperature, tlie more diastase is dissolved, and therefore in Huhseipient stugos, the more starcli 
couvi'ited and sugar formed. ’I'lie action of tlie diastase initially, when tlie mass of tho diaataso 
is small compared with that of the staiidi, is to form doxirino into sugar iu tlio ratio of 2 to ]. In 
mall, however, there is so large an amount of diastase, tliat even in a sliort dig(^Htiou an amount of 
sugar is obtained greater tlian in this ratio. In tlio Fiiglibh infusion process with its initial tem- 
pi'raturo varying between G(P and G8'' (I5.Y’ F.), but generally no higher timn GG ’ (IhfP F.), tliere 
is an eiiual ratio of glncost' and dextrine ; and this has been deU^rmined from worts obtained from 
four large breweriiis in dillereni parts of England. As the initial temperature was raisisl aliovi' GG ', 
tho total extract dc’creased, as well as the ratio of sugar to dextrine; iaikI when tho initial lem- 
ja rature was decreasi-d below GO"', within certain limits, ilie tohd extra(*i incri'ased, well us thc^ 
ratio of sugar jiroduced. Thi' limits of these varying ratios eaiiiiot exceed two of dextrine to one of 
sugar, ortw'o of sugar to one of dextrine, and fho ratios produce<l in any given time, in any jiartieular 
masliing trial, depend on tho varying conditions of the experiments; U[X)ii tho relative maHses r»f 
starch and diastase; upon the huuperature ; and on the quantity of water. It has been well 
auiheiiticated that from 100 parts of stuich not more than two-thirds can he obtairieii as sugur by 
the-aetioii of diastase; and this deficit is accounted for by Sullivan, who has proved tho formation 
of multase, as previously referred to. Maltase lias a ixjculiar action on Fehling’s eopfior solution, 
by which this test solution represents only an amount of reduction eijuai to two-thirds of that which 
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wouM oocnr if 100 parta of glucoHC were taken. MaltaiMTformed in the mashing hre^s np 

laidcT tho action of th(^ r)otaflh and the copper solution into two parts of glncsose and one of 
d<'\trine. In th(3 ordinary mashing process, there occur, it would appear from this consideration, 
two parts of dextrine and oiio of sugar ; and as the process cx)ntinuea, the ratio becomes more 
DOiirly (^qnal, and is reversed by ilie application of more heat and long-continued action, practically 
illiistniting th<5 fact that the hrower may within certain limits vary the ratio of dextrine to sugar 
at will. 

In order to inoreas(‘ tho ratio of the sugar, the brewer may start with a low initial toraporaturo, 
and Hoeure Holutimi of a largo amount of the active principle of diastase, 'ftris solution 
o})taiii('(l, the tornperaturo ol tlui mash may bo raised to 00*^ to 05^ (140° to 150*^ P.), either by 
adding hot piece lirpior, or by steam driven under the false bottonv of tho mash tun, or by means 
of a bcalcd coil, or by causing tho wort to cirexilate through coils of pipes, delivering it finally 
t(» 11)0 top of the goods. After digestion for a certain period at this temperature, the mash should 
bcTfiiHc/l to 7r (lb, 7’ P.), because at that toinpcraturo more sugar can be produced than at C3° 
(1 ir/ and because the higher tomperatnn^ gives tho additional advantage of a high tap heat. 
I pon tlic jircHcnt plan of high iifitial temperatures, the brewer can increase the ratio of sugar by 
siiuplj luhling it. Cano sugar may bo employed, and this can he converted into glucose by tho 
actum oj’ tho dinstaHc, if added in the n)ash tun, or it can be converted partly into diastase by tho 
action ol the acids of the wort, by making the addition when the wort is boiled. If tho cane sugar 
were to bo added, without previous conversion, to the feriucntiiig tun, it would require more yeast 
tluin gbn'OHe, becumsc tho \east would have to do a gi eater amount of work, to break down tho 
coinj)h X structUM) of the cunc sugjir to the more simple one of glucose. Cane sugars are dangerous, 
however, bccaus(3 they contain large amounts of albuminous substnnecs likely to putrify, and Jt 
is pr('f( rablj^o convert the cane sugar into invert sugjir. Invi'rt sugar is the sugar produced by 
llio acliou or acids on cane sugar, dcxtro-glucose, and Imvo* glucose. As glucose sugar can bo 
luude, not only from canc' sugar, but from starch, there is nothing to prevent the brewer prejiaring 
bis own grape sugar fiom starcli, by tr(‘ating this with tliJute sulphuric acid and afterwaids 
destroying tlie acid by means of chalk. Altlumgli iliC' proet'ss may leave about one-half per cent, 
of gyjisuiu in tin* sugar, this is an advantage in the f< rmenting tun, ratlier than a disadvantage. 

A vaih'ty of phins niuy be employed tor increasiug the (juantity of dextrine. Dextiine when 
in largo quantities, after the worts are fernunted, gives what is termed roundness of flavour to tho 
beer, and is thoreforo preferable for porter, stout, uud the heavier class of ales. Tho dextrine of 
tlie wort may be increased by modifying the Bavarian method. Or the diastase may be rcndcied 
inert by infusing at 38^ to 49° (100° to 120° P.), laising tin' tempcTature to (10° (140° P.), with 
tolerable raiiidity, and wlu n the infusion is complete at that temiiorature, again increasing to 79° 
(175° P.), allowing digestion to go on at that temperature. Another plan is to add unmalted 
grain, harley, or irmizo, but in this case tho unmalted grain should be kiln-dried at a temperature 
of 100° to IKr (212° U) 230° P.), in order to render the ulbuminuns matters less soluble, to decom- 
pose them in tlu- proseneo of tin* moisture of tho grain, to proiluce cmpyreumatic matters, and to 
ohliiin eolouriiig prodiads, lVueti(‘ally this treatment yields a malt not containing diastase. 

Having considered the theondioul principles of mashing, as well m having described the most 
approved proeebses, it may be ndvant«ig< ouh to deal shortly with the Utter, from a more practical 
point ol view. The i)raclieril brewer sbonld regard mushing as a triple, lather than a single 
proeess; and sliouM fi el nsMured theie is ludbing to prevent the obtaining of good beer, when 
proper he»dfi are taken. Like the extraction of the juices of meat in tho mnkiog of Bouj>s, tho 
extraction of the albumen from the malt dei»(‘mls upon the non-cougulation of the albumen at the 
eommc'uet'inent of the iimsbing. In the most ajiproved practice, it is generally agreed that the 
heni of a pub' bf't r mash, when all the mult and water are put in and finally mixed, ought to bo 71° 
(1(59° P.). It is at this heat of tho first mash that Iho best lluvoured extract is produced, and the 
entirely chemical action of Huccliariiicalion occurs. But this temperature must be gmdmdly 
a])projiehed, Injcause its suihhii application would coagulate tho alhumen of the malt. Tho triple 
imturo of the mairJjing process may bo prnctii'ully regarded as consisting in saturating, sncclmrt- 
fying, and I'xtracting, to jaevemt setting or coagulation. 

The inali should bo wetted at a heat that would give in tho mash tun 64° to 66° (148° to 
•152° P.), or several degrees below the Wbt saccharifying point. When goods are thoroughly wet, 
water is applied at a higher Huitablo lu'at, with tin* internal rakes of the mash tun revolving, until 
the goods oro at the temjieraturo of sju’oh^rifitHtion ; after four or five hours' continuanee of tiic 
saccharifying heat, the temperature should bo reduced to tlmt at which tho brew began. Mashing, 
as pcrionnod in h>teol*8 or other saturator, may commence at 64° for light, and 66° for heavy beers • 
this means mixing about IJ l)arrt>l of waWr to the quarter of malt, and finishing with a firkirf to 
a kilderkin, to a quarter, more of water at 87° to 90° (ltK)° to 195° F.). The copper heats for the 
waWr employed will average ab(mt 77° (170' F.). 

A plentiful supply of cold water sliould adjoin the hoi-water pij>e, to seeuire rc'gi^ating power, 
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Whoa mittoQ fe ia the maeh tun in a saturated oondition, the copper water, at 87^ to 90” 
(19d^ to 195® F.)» should bo let in without delay, and the rakes kept going, until thtj gixxls are 
uniformly heated to 68” (166” F.). These heats are for perfect malt. For imj^rfect malt, or 
half barley, lower saturating heats may be used advantageou ly, but imperfect malts should never 
be used for fine beers, os neither a sufhoient nor wonomical extract, nor good flavour can bo 
obtained in the mash tun. The preceding observations refer to the first mash. 

The draining and extracting of the goods ought to proceed within two hours from the completion 
of the mashing operation. The mush should not be tapped through ouo cock, but should be 
drained through three or more, placed in the bottom bf the mash tun. Draining should at first 
proceed slowly, until sufiBcionfc grains have settled around the cocks to act as a filter, which occur,'* 
in about twenty minutes. If the extract is to be completed by repi.-aied mushings, the cocks, after 
the first mash is run off, should be closed, and the mash tun reohsrgod with hot water, in such quaiuity 
08 to make up the sewnd mash of the brew, at a goods' boat of about the same os die first mash. Tim 
first mash ought to lie about an hour, and when run off. tlic thiul mash, if required, should Ix) made 
up for a temperature with tho goods of 60” (150” K ), and this mash should lie for half or three- 
quarters of an hour only. Tho coppor-watei- boats, and quantit' of water required for those two 
after mashes are only to bo obtiiuod from actual experienoo® with tho particular plant. Tho 
second mash water will require to be about 79” (175” F.), and the third about 71” (1G5” V.), for 
mashes of ordinary quantities. This process gives roughly a throe-mash brow. As it ih dillicult 
for the brewer to calculate these quantities accurately, it is proferablo to keej) tlio mash waters 
short of the quantities roquirerl, and to sparge at the end, with tepid water, to make up tho C(‘pper 
charge. Another plan approved of by many brewers, is to make two niiislies ofroasonoble thickness, 
and sparge up the remainder of tho charge. In this cjiso the sparge water ought to bo of such 
4x temperature as woilid allow tho heat of the goods to full to 66” (150” F.). 

In that known as tho Edinburgh mode of mashing, all the water required is B]>arged on after 
tho first mash. Ity this mothoil, as soon as Uio taj>H have become fine, sparging IS commenced, 
and tapping and siiargiug go on simultaneously until the extraction is complete. In working this 
system, the error is coiiimonly made of putting on tho sparging water too hot, even at a tempora- 
turo of 82” to 88” (180” to 190” F.). The first spargo heat should not exceed 77” (170” F.), and if 
the temporaturo of the mash exceeds 68” (156” F.), the s])arge water may be at only 71” (160” F.). 
Tho tun covers should bo removed whilst sparging is pr<K;ooding ; and watc'r should not lio on tlie 
top of tho goods whilst sparging, which always occurs if tho mash has been too hot, or tho 8j)argo 
water added at too high a temp(iraluro. Tlio waU>r remains on tlie surface of tho goods in c/mso- 
quonco of coagulation having commenced, and tho tomperature of tho spargo water should bo at 
once lowcrtvl, and the taps closed for a short time. 'When the temfR3raturo8 hove been prop(»rly 
adjusted, tho goods freely rise from the bottom of the mash tun and lloat, and allow tln^ oxtrac^tiug 
lupior to readily percolate. This is an inqxwfcant point, and tho goods should bo kept up at Itnist 
6 inches from the bottom of tho tuu until tho end of tiic sparg ng. As small brews must have the 
same lime to extract as large brews, the ruimiugs must of course be smaller in quantity ; and fur 
this reason the s])arge water must be hotter than with largo ))rowiiigH, wliori^ tho rimniiiig off Is 
performed so much mon.' (iuickly. Tho small quantity of water falling from tho sparger will oool 
more quickly than tlio larger quantity falling through tho4iamo space 

After a mash has been maintained with the sparger at tho temperature of 08” (156” F.) for 
about two and a half hours, the heat of the water should bo suddenly lowered 12” or 15”, so as to 
reduce the action of heat upon tho goods to 66” (150” F.) towards tiic cud of the sparging and 
running. In making strong beer, the necessity for strength will have required the running to have 
been stopped within two and a half hours, before tho reduction of tenq>eraturc, so that tlio efioct 
of this reduetion will be felt on the afterwort only, whieli may be table lax^r. If it is rcxpiirod to 
pump the tail ends of one nia.sh over for tho spargo liquor of another, all that is m*et‘ssary to 
ensure success is that the tail g<K>ds conic off one unwh at 611” to 66” (J 15” to 15U” F.), and are r<3- 
heated by U steam coil, attacbed to tho pump, to tho uceossary spurge heat of 77” (170” F.j, or that 
producing 68” (156” F.) in tho masli. 

Tap heats afford no safe guide to tho brewer, for the almost obvious reason that tliest‘ do not 
truly represent the temperature of the mash. 

In tho l)est practice in i>orter browing, the iemperatures of tho mash do not difibr much h'oin 
those given for ale. Saturation should lake place at about 1” lower, tho temperature for tbo mash 
being ultimately tho same as for Inxir, or 68”. The i)eeuliarly tlrj^ sul>acid flavour, (!ommon to Irish * 
poiiters, is the result of toc> great range of masb hu^ts, by beginning at too low and finishing at 
t(X) high ft temperature, thus twice subinilting the mash to the clianoes of a-fudity. I'orter is Ixist 
made from malt two-thirds of which is well-dried pale, and the remainder high aiul>er and block, 
iloaatod malt should be used to tlio extent of 1 bushel to every 6 or 6 barrels of finish od Ix^er. 
Brown or blown malts are a mere waste of grain, will not keep, and yield little extract. The 
roasted mu|t is generally put into the mash tun amongst tho other malts, but sometimes it is put 
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into the wort copper and boiled witli the hop. An filtematlve method of via the 

brewer on the large scale, is to mash the roasted malt by itself in a small tun fitted iri^ a*rako 
niul false bottom, and an inner perforated conoeiitrio diaphragm through which to drain off the 
black extract. The washinj out is performed with the extract from the large mash trm. 

Before proceeding to the description of the apparatus used in mashing, it will be convenient 
to describe the operation of sparging, as the mechanism employed in both cases can then bo 
classed, as they are used, t(»getlier. Stmrging is Uio process of extracting the remaining wort, 
wliich mlhcrr H to tlie insoluble draff or grains. The sparging is carried out by means of hot water, 
and if the wort 1ms been run off at a temperature of about to G6® (145° to 150° F.), the sparging 
Ihpiid, ns lias Ucn stated, should not be used alwve 77° (170° F.). This process goes on in 
different breweries to different extents, aometimes it is carried to such an extent that the wort 
obtained is excessively weak, containing only some 4 to 6 lb. a baiTol This is not usedt a once for 
the production of l»eor, as a rule; it is not mixed with the previous wort, but is pnmpcd up into 
the ('opper and there used for the subsequent wort. This return wort, as it is called, is exceedingly 
lifibh' to undergo decomposition, by which acidity, mainly duo to lactic acid, but probably to other 
acids as well, is produced. In order to prevent the return wort from becoming acid, it is found 
conven^iuit to keep it at a tem{>c^ture of at least 88° (r.K)° F.), and from time to time to add a 
liillo bisulphite of lime. Throughout the whole of the period, whether during the night or 
(iiiritig the day, until the next time of use, the return wort must ho kept at least as high as 88°, 
for if allowed to fall to GiP, aciditioation is very liable to set in. The wort resulting contains not 
only sugar and dextrine, hut also an amount of albuminous matter; this amount depends ujmtwo 
or tlii-e(» conditions, and ohiotly upon the nature of the barley originally employed. For instance, 
if the barley oanie from the North of England or Scotland, or if it had been growing on heavy 
land, it would contain much more albuminous matter, than barley grown tn a light warm soil* 
And brewer^occasionally make an error in judging of the strength of the wort, by merely 
depending on tho use of th(! saeoharometer, bocause the soluble albuminous matter sustains flota- 
tion of the insirumont as well as sugar and dextrine. Tho amount of albuminous matter in the 
wf>rt also deponds on the i)reviou8 malting jjroeess; lastly, it depends on the nature of tho water 
enqdoyod. 

'J’ho pro(V3S8 of mashing having boon described, tho apparatus employed must bo considered. A 
musli tuu in its simplest form is a vessel of convenient size and shapi^ in which tho midt and water 
can bo mixed together, and from which the wort can 1x5 drained off. Mash tuns are usually made 
of wood, but oasl-irou tuns are rapidly extending in ub<\ A mash tun should have a capacity of 
from three to four harreds of malt, at least. Cast-iron mush tuns are constructed in segments bolted 
togetlier, tho ooniioeling flanges being planod and truly fitted, or rust-joints being used. Tho 
bottoms of such tuns aro usually formed of segments around a central casting, having as many sides 
as there are segments. It is necessary to case these metallic tuns in older to ju'event too rapid 
radiation of boat; and the smallor tho mash tun, tho greater is the necessity for this protection, 
becansc tho area of exjiosed surface is in greater proportion to tho contents than with tuns of more 
conKiderahle capacity. To enublo the worts to be drained from tlie goods, mash tuns are made 
willi perforatc'd false bottoms, placed at a short space above the bottoms of tlu' tuns. These false 
liottouis arc made of wood, of cast irmif galvanized sheet ironi or of copper. When wooden false 
botUuas are used, tlie lioles in them should Ik 5 burnt, not bored, so that they may not bo liable to 
cldst' up by the swelling of the wood when dump, and they should be well countersunk on the 
under side. J’he cast-iron false iKittoins are also countersunk on the uuder aide, the countersinks 
being cast in the jdate, whilst the holes are drilled or punched. 

'I’lu' removal of the woila is effected at four or more jioints indeixwidently, so that in the event 
('!’ tlie wort drawn from one portion of the tun not ln'ing clear, the tap communicating with it can 
he shut ofl‘ Anothi'i' jdaii for at.tainiiig this end, is b\ an arrangement of mash-tun bottom, of whh*,h 
Fig. ;{G2 is a Hcctiou. The peculiarity in this form of luasli-tun bottom is thatihe wort is drawn 
ofl’ from a nnmher of ])oiut8, at »>iie and the sanu^ time, through a siTies of radiating tubes, H, of 
various lengths. J’he pipes II communicate with a central cluimlx'r, fitted with a removable top. 
Tlu' space Ixslow the false bottom with which the pipes H commiinicato is divided into OOmpnrt- 
ments by the strips 1), on which the false bottom rests, and tho whole apjiaratus is oonatrUCtod so 
that it can l«' ix'adily removed from the mash tuu for eleausiug purposes. Tho pipes F and I serve 
fdr the removal of the woit, regulated by tlie cxKiks J. 

Masli-tuu covers vary greatly in construction and effleiency, and in some instances, as in the case 
of the mash tuns umal for porter brewing at the (.Jity of ].<uulon Brewery, tlu'y arc dispenaod wUb : 
this, liuwover, is an objectionable practice, particularly in the case of large mash tuns. The toplest 
form of cover is a plain wtMiden dist5, fixed a short ilistauoe alovo the mash tun ; tlie apace betw^eou 
the disc and tho tun itselt being closed by sacking Avhilst th(5 mash is lx 5 iDg made. Mash-tun covers 
<5t this kind are used at Reid’s and other breweries. At Mann, Orossmau, and Paulin’s brew'ery 
fiat wooden covers are used, but are suspended so that they can be lowered to tho ^msh tuns. 
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Another fyOm ef wooden mfiBh tun eover is adopted in AUsopp’s brewery. In this instance tlio 
masb^ins are covered by a permanent wdoden ruof, carried by a framework extending above the 
sides of the mash tun, a^ th^ frame is fitted with sliding shutters. Another plan is to form tho 
cover of wooden segments of convenient size, applicable to mash tuns moderate dimensious, At 

802 . 



Hoaro’s brewery there is a very largo cast-iron mash tun, capable of mashing 190 qrs., fitted with 
a dome-shaped cast-iron cover ; the central portion is fixed whilst tho curved rim is formed of n 
number of flaps hinged to tho coutre. At Truman s brewery, tho covers arc formed of slieet copper, 
stiffened by brass riba of T section. Each cover is in two parts, the contra] part carried by 
suspension rods at a fixed height above the tun, .md tiio outer part, hung from chains wJiicli pass 
over pulleys, and provided with balance weights, so that this part of the cover can lib raised and 
lowered. The junction between tho two parts of each cover is formed with a projecting flange, 
which boars upon a ring of indiarubber carried by a correspemding flange on tho central part of the 
cover. 

Before the introduction of machinery, the malt and liquor were mixed in tho mash tun with oars, 
or wooden stirring-rods, and tliis method is still adopted in very small breweries. Where larger 
mash tuna are employed, sucli a motliod of mashing would not only bo loo laborious, but would 
produce most unsatisfactory results. The apj>liancc8 most desirable for mashing are those b(’St 
oflecting the thorough mixing of the hull and flour of tho crushed malt with the liquor, and leaving 
the goods in a porous condition, so as to bo readily ponotratod , by any further amount of liquor. 
One of tho earliest mashing machines, still in use in many old breweries, consists of a radial frame, 
which travels round in the nmsh tun. TJiis frame has two horizontal shafts, one above and slightly 
in advance of the oth('r. Each shaft carries a number of chain wheels, and over these work obfiins 
littod with transviTse teeth or raki's. As tho shafts revoh ’, tho teeth on tho chains aro drawn up 
through the goods, all parts of the latter being successively acted on as tho framo carrying tho 
sliafts travels round the tun. At Barclay's, all the mash tuns but ono are fitted with chain rakes 
of this kind, and tluiy are also in use at licid’s and other Condon browerios. At Barclay's, tho 
chains aro now made of malleable cast iron. At Keid’s, whort\ there arc four mash tuns, each 
capable of mashing IfiO <3[rs., the mashing machine in each tun is double, or instead of the frame 
carrying the chain wheel shafts being merely a radiiw of tho tun, it extends across tho whole 
diameter. By this arrangement the goods are turned over twice during each revolution made 
by tho frame, and the mixing is thus effected more quickly. In slow gear, tho frame makes a 
complete revolution in fifteen minutes, whilst in quick gear it completes the circuit in ten minutes, 
tho speed being equivalent to one revolution in five minutos with a singhj machine. In lleid'** 
mucJiim s, tile rake chains are of wrought iron throughout. 

An improvement on the chain rakes is the so-called porcupine machiuory, which has perhaps 
been more extensively adoph^l than any other form of ina.yhu»g apj>amtu8. TJds mashing apparatus 
consists of a series of rakes carried by curved arms fixed to a pair of horizontal shafts, placed one 
above the other; the rakes being arranged so that as the shafts revolve they jmss each other, and 
thoroughly turn over tho gtx)ds in tlie mash tun. The inner ends of tho horizontal shafts aro 
carried by plummor blocks attached to brackets, which encircle the central vertical or driving 
shaft, the lower end of which rests upon a suitable bearing at the bottom of tho mush tun. Tho 
outer ends of the rake shafts rest in bearings carrjpd by a kind of frame, wJiich is connected by tie 
bars with the brackets encircling the central shaft, an3 supported by a pair of rollers bearing on the 
rim of the mA8h tun. Each shaft carries a sliding clutcli for connecting it to its pinion, and these 
clntchos aro both worked by one lever, so that they cannot bo engaged simultaneously. One of tho 
pinion shafts extends inwards towards tho centre of the mash tun, and at its inner end carries a 
bevel wheel, which gears into a bevel pinion on the central shaft, this pinion being about one-third 
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the Bize of the wheel. The rake shafts also carry bevel wheels, whioh gear into eqnat flked^wheols 
on the vertical shaft, the pairs of wheels being arranged so that thel^wo rake shafts are both ^used 
to revolve in the same direction. From the vertical shaft, motion is communicated to the rake shafts, 
and a slower motion to one^f the shafts carrying a pinion gearing into the circular rack. From 
this shaft a still lower motion is communicated to the other shaft. When one of the rack pinions is 
thrown into gear with its shaft by means of its dutch, tho whole apparatus will be made to travel 
slowly round the mash tun, and tho rakes will bo brought to bear upon the whole of the goods. 
The direction of motion of the apparatus, and tho speed at which it is caused to travel, will depend 
upon which pinion is thrown into gear. This arrangement of travelling gear is siipilar to that 
adopted with miain rakes. The mashing apparatus here described has been very largely adopted ; 
it is in some breweries used alone, and in others with a separate mashing machine, such as Steers. 
In most cases tlio arms and teeth are of wrought iron, but tho teeth are sometimes of wood, and 
occasionally both the teeth and arms are wood. At the City of London Brewery, where mashing 
machines of this kind are in use, the central shafts are fitted with teeth, which act upon the central 
portion of tlie goods not touched by the revolving rakes ; and at Charrington’s brewery, where 
there are throe rnash tuns 18 ft. in diameter, and capable of mashing 100 qrs. each, these porcupine 
machines are also used, tho rake shaft being made to extend across the diameter of tho tuns. 
Another arraugemont for stirring the goods within tho tun, consists of a central shaft carrying 
two cur\wd arms, which work close to tho false liottom of the mash tun, and act upon tho lower 
portion of tlu* goods only. Tho mixing of the malt and water is eflected by a Steel’s masher before 
tho grxjds enter the tun. 

Browers ore now of opinion that it is bettor to effect tim mixture of tho malt and liquor in detail 
as these enter tho mash tun, thnu to deal with tho goods i i a mass. Separate mashing machines 
have consequently Ixion adopted. The masher d(‘.sigued by Steel, of Glasgow, has probably been 
more exteu^yely used tlian any other, ’rhis muHher is of exceedingly simple construction. It 
consists merely of a cylindrical casing, within which revolves a shaft provided with a number of 
radial arms. Tho easing is open at one end and closed at the other, tho shaft passing through 
a stulfing-hox at this closed end, and provided outside with fast and loose bolt pulleys. Tho grist 
and liquor are admittecl to the casing by branches at the closed end, and as they pass through to 
be delivered into the mash iutr from the oj>on end of the casing, they are thoroughly mixed 
together by the action of tho arms on the n volving shaft. Tho branch through which the malt 
entora is fitted with a regulating slide, and both tho main casing and branch are fitted with hand 
holes which give ncecss fur cloaniug. Tho water branclj comniunicatcs with tlio side of the casing, 
and is fitted with a cock. In aonu! mashers, there is no slide for reguliiiing tho supply of tho 
malt 1^' ' latter being received direct from a small hopper placed below tho malt mill. The casing 
of tii(^ masher, insbiud of being eylindrical, tapers slightly in its diumotor, being reduced towards 
the end from which goods are delivered into the mash tun ; and to further delay tho progress of 
tho mash through the machine, tho central shaft is fittcxl at intervals with flat arms, or oars, in 
addition to the usual circular anus. Tho liquor is delivered into tho casing from tho branch 
thr»>ugh two ojxuvings opposite each other, these openings communicating with a passage cast 
around tho branch. Arningeinents are made for admitting either hot or cold water through the 
openings. The central shaft of the mnfthor is dri'i^en by bevel gearing. , 

In numerous Imnveries, Steel’s luusljers am used alone, and tho whole Of the mashing is effected 
by them ; in other cases tlu^y arc used in combination with larger mashing apparatus placed in the 
mssh tun, Where separate masheis are alone employed, it is tho practice to make but one mash, 
and to sparge tho remainder of tho length of liquor; whore mashing appliances are provided 
within tho tun, a series of mashes may bo made, tho goods being turned over during each mash. 
To t nsuro a steady supply of malt to tho mashhig machine, and to prevent balling, a malt 
fi'etliT has been dt'sigued. This feeder is placed between the grist shoot and the masliing 
ma(*him>. It consists of a (’using containing a drum, which has an oscillating motion imparted to 
it by an oiveutric fixed on the central shaft of tho mashing machine. On each side of tho oscillat- 
ing drum un^ Haps, the position of whieli regulates the quantity of malt passing thiiiugh ; the 
drum, as it (willutes, leaving an opening between it and each flap alternately. Fig. 303 
ilhistriitos Slei’l's masher as arranged for pale and black malt mashing combined. F is 
Jlu* ground-malt hopptT ; F, the outer masher or saturator ; D, the mash tun, with its revolving 
ralvi^H arrangi'd as previously described ; B, the pijx) conveying the wort from tho mash tun 
through tho iufuser; II, tho black malt iufusor and rakes; o the pi^M3 from tho itifuaer to tho 
cMq>per, where porter is being made. When ttie Ihrge mash tun D is charged with pale and brown 
mults, proportion of black malt re(iuired for the brow is mixed with water in the smtdl mash 
tun 11, termed the infuncr, at a tcinp(.uature equal to that of the goods in II. The infusion of tj|je 
black malt dopoiuls on the time of iiifusiou of tho other malts ; when these are infused sntBciontly, 
and ready to be run off, tho tap in the pipe C is c»penetl as well as that in the pipe communicatiug 
beiwoou I) and U. Tho hulf-palo oxtnu't from the largo tun 1) is uscxl to diiB8elve,^ab&iorb, and 
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oan 7 off ilie adouring matter from the black malt in H. This plan has been found ccoiiomiool 
and o^’tain, as it gives all tbigplour. ihaf can bo obtained by mixing the pale, brown, and black 
malts together, in addition to We quantity lost in dyeing the grains. The pale and brown grains 
becoming whiter by this mashing, are worth mmre in tlie market. The only uncertainty that can 
arise is from the wort losing heat, and this can bo prevmited by steam jacketing the pale and brown 
wort pipes. , 


F 



Another maslicr (Fig. 304) designed by Sorrell, and extensively nsed, consists of a 
foririing tliroo cylindrical oharuberH connected by interniediato passages, nbout 8 in. in length. 
Each chamber is fitted with a shaft, carrying a number pins. Tlieso j)ins extend across the 
chamber, and are arrang(3d ho that all parts of the chamber are subjt^et to their action. The throe 
shafts each carry a hovel \vh<iel at one end, gearing into three level wheels on a longitudinal shaft, 
carried by brackets on one side of the machine. The hcjvel wlu els arc arranged so that the 
nhaft in the central chamber is driven in the opixisito direction to that of the other two. The shafts 



ore driven at a speed of about 200 revolutions a minute. The first chamber, to tho loft in the 
figure, is constructed with a vertical neck, which is attached to the ground-malt hopjjer or grist 
ease ,* and in tho neck there is a feed-roll, B, viliich regulates tho supply of malt to the masher. 
The feodHToll is driven by a belt from a pulley on the stirring-shaft passing through the first 
chamber. Below the feed-roll there is fixed to tho outside of the neck tho wator-l>ox 0 ; this l)ox 
is supplied with liquor from the copper, and communicates with the interior of the machine through 
holes in tho casting. Anotlier water-box, PI, is also fixed on tho nock between the second and third 
chambers ip receive water of a higlier temperature. 
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Th<f operatioa of working this masher is as follows The cock communicating wil& Ibk water- 
l)ox 0 having been opened, and a supply of liquor at theTiemp€i»ttii||_pf 76® (168® F.), admittA, the 
motion is coriimunicatod to tho shafts, when the malt, as It falls from the feed-roll, is met by liquor 
enUring through the holes in tho casting. Any liquor not absorbed by the falling malt is rewived 
in the first chamber, where ft is thoroughly mixed with the partially wetted malt by the action of 
tho p^ns on tho agitating shaft. From tho first, tho partially formed mash is passed on to the 
second chambir, traversing on its way the intermediate neck. These intermediate necks are an 
important feature in the mnehino, as the malt during its passage has time to absorb the liquor. 
In the second cliamher, tlio mashing process is rei)eHted, and tlic mash is then passed on through 
the nock hetweftn tho ceniial and third chambers, whore it is mot by a second quantity of liquor 
admitt(!d tlirough a riiirnbor of holes communicating with tho water-box H. This second supply 
f)i‘ liquor is at a highei i('niperaturo than tlie first, tho malt Ijaving been prepared, by the stifit 
maHhiiig it has alroiwly undergone, to receive a higher heat. The mixture of the second supply of 

li([nor with tho malt is complohid in tho third chamboT, and from this the mash is delivered into 

tho •mash tnu, where it remains frf)m one and a half to two hours. Sparging can then be com- 
iiKjnced, and eontinuoil until the required length has been run over. 

A noil Kir inaHhing maclninj, designed by II. Wilson, of Alloa, differs from those described in 
beiTjg ^olf-acting. It is driven not by power oxtoruaily applied, 
but by t^^e action of tlio malt and wate r. This masher. Fig. 305, 
is attached by tho flange N to the spout loading from the gilst-cuso, 
and tho iMhmssion of the ground malt is regulntod by the valve G, 
tlio spindle of which curries a l(^ver handlo fitted to a catch. The 
malt, as it falls, has to pass throngli a tliin shoot of hot aquor 
which issues from the pifio F, the oponing of this pipo being 

fitted with a sluico F, by which the quantity of liquor admitted 

can bo regufRtod. Passing on, the malt and liquor fall into the 
buolfotH of the brnakesr whotd D, and cause the latter to revolve 
at a high speed. The buckets of tho breaker wheel arc of V fo^ra, 
and by their action and that of knives between which tlicy work» 
the mash is mixed as it passes to ilie 1ow(t part of the macliino. 

The spindle of tho breaker wJioel passes through tlio sides of tlio 
maohino, and carries at ono end the fly-wlieel, wliicli tetuls to 
©(lualize tlie motion, ami also servos ns a hand-wheel when neces- 
sary. Tlio masli is dolivend into tho mash tun through tlio 
uozzio P, this nozzle bcung fitted with a serrated balance' plate 11, 
hinged at its iipptT side, and working over the discharging niabli, 
levelling it, and preventing it from splashing into the musli tun. 

It is desirabh' to have th(' contents of a mash tun at all times completely under control, and 
several arningouiouts are mnidoyed for this purpose. Beneatli the false bottom of tlio mnsh tun 
there is sometimoH placed a jiijic, coiUid spirally. Into this pipe, steam can be admitted and 
tlio temperature nt Die mnsh incroased, tho action of an arm working above the false bottom 
tending to smue extent to eipiabze th*‘ temperature in the different parte of the tun. This arrange^ 
luent is siinpb', but it is si'nrci ly ajqdicable for ordinary use, as the incTCM of temperature is not 
Bulllciently uniform in all parts of the mash. 

A more suitable ajiparatus for controlling the heat of the mash is the mftsh tun attemperator, 
designed by J. (h-oekford. "^I’lie nttem}>eral()r. Fig. 306, is shown os fixed to a wooden mash-tun 
with sliding doors and fixed roof, ns nsed in the Burton breweries. It consists of a circular eislern, 
tixed on th<' top ef the mash tun, and containing n coiled steam pijic. When it is desired to raise 
the Uanperature of the inasli, the wort is drawn fiom tho tun by the pipe A, and the centrifugal 
pump B is set in action, the wort being raised into the aUouq>erator through the pipe C. Tlu^re it 
is heated hy the action of the steam in tlie coiled pipes, and is then It'd down through the pipe E 
to the eentrul vessel of the sparger J, which distrihutes it over tlie gootls. The pipe C ooiulucts 
tlio wort to the bottom of th(' attenipt‘rator, whilst the j>ipo E draws off the wort from lU'etar tho 
surface, where it has greule.st heat, Tho ceiitial pipe rti the attemperator is for admiteiktig the 
ordinary supply of hot liquor to the sparger. 8o long as tlie pump B is in action, a constant current 
is*niaintnined through tho goods, the wort being drown off at tho bottom, heated, and again Sparged 
on tho top ('onliiiiiously. By the use of the attemperator, the temperature of the mash can be 
iiiaiutaiiied for any pi'riod ; and in tin' case of^inall brewings, where the loss of heat from mdiation 
is proportionately very great, the apparatus is particularly valuable. 

It is tho custom to complete the length, or total quantity, of a browing by distributing over tbq 
goods the riMpiired amount of liquor by tbe aid of a sparger. A sparger in its usual form consists 
of two nr moH) tubular radial arms, perforated on one side, and loading from a central cistern. 
Ihcso arms oi'o mounted to revolve fret'ly over the goods in the mash tun. In somc^ cases, the 
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cistem u pff p a poiati ftnd in others it is oaniod by fricf 'on wheels. When the mash tup centains 
mashitg apparatus driven from the central shaft, the cistern of the sparger is made auuular to 
surround the shaft. The shaft*oarries a disc, on which run the friction wheels of the sparger ; in 
many instances the bevel wheel on the shaft serves as brace for the friction wheel. The cistern is 
in most cases open at the top, the liquor being delivered into It by a pijjfe conveniently placed ; but 



in some instances the vessel is connected to the supply pipe by a joint, so that the water may bo 
delivered under prcissure, the joint being formed so as not to interfere with the reaction of the sparger. 
Sparg('rs are chiefly driven by reaction, the water issuing from the }>erforation8 of the arms, im- 
parting motion to them on the princi})lo of Barker's mill. But spargers are sometimes driven 
from tlie sliafting by a light belt or cord, with the object of ensuring regularity of motion, and con- 
sequently equal <listri])ution of th(5 liquor over all parts of th(‘ goods; but if a self-acting sparger is 
well constructed, the irregularity <)f its motion must bo extremely small. 

A point of far more inip(jrt!ineo than any slight irregularity of motion is the proper distribution 
of the holes in tlie arms of ti sparger. In order that tlie liquor may ht) equally distributed ovc'r all 
parts of the gooils, it is necessary that the quantities of wat»r delivered from different points in the 
arms should be in exact jwbpottion to the ureas swept over by those, points. If the first hole in the 
arm of a sparger is 6 from the centre, and the last hole distant fl ft. from the same j)oint, 
the latter hole will, aa the sparger revolves, cover a em*le twelve times as groat as tl»e former, and 
in order that the goods passed over by the two holes should be equally wetted, the delivery of water 
from the outer hole should bo twelve times tliat from the inner. TIjo required increase in tbo 
delivery from the outer ends of the arras may be obtaiiie<l either by inercusing the size of the lioles, 
or by idacing them nearer together as they are farther from the centre, or by combining these two 
methods. Th^ sparger arms arc sometimes straight and sometimes curved, the olqect of the curving 
being to caui^ the water to tend outwards in radial lines. I'lio rurvuturo to be given dei)enda upon 
the speed at which the sparger revolves and the ra(c‘r»f flow. If the arms bo formed of lubes of the 
same diameter throughout, tin; flow will bo must rui>id naur the centre, the rate of flow at any point 
l)cing approximately proportionate to the area of the discharging holes Ix^yomi that point. Th(‘ be»t 
practice is to taper the arms grfxdually outwards, observing that the sectional area ut any given i>oint 
is at least equal to the combined area of the discharging holes beyond tliat iv*int. If the tfiper of 
the arms be pro|>orly proportioned, the rate of flow will bo constant at all points. Wliether tlio 
arms are curved or straight will then make but.litHe practical difference, so long as the 8j)arger 
revolves at the usmul moderate speed. 

The next ai>pamtus in the order of use is the undorback, which receiveif the wort from the mash 
tun. In some breweries, the wort is run direct into the coppers. The undorback is a necessity where 
the coppers ore situate at a higher level than the mash tuns. Undcrbocks are of various shapes and 
materials, chiefly wood, and rectangular. A circular form is better, us it is more easily kept clean. 
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Wlion,caBt iron is usod it should be laggfod with felt and wood, unless the wort can be Yioy rapidly 
raised into the coppers, or unless tlio undorback is fitted with steam pipes, so that the temperature 
of the wort may by niairitained. 

Tho undorback should be situate so that the taps through which the wort is discharged are in 
full view. In drawing ofl^the wort, the taps are at first partially opened, being more fhlly opened 
when tho wort runs off clear. - The wort is generally drawn from four or more points in each mash 
tuu,^ri(l in the event of any tap not delivering clear wort, it is shut off for a time. The appearance 
of the wort will vary acc^mling to the kind of malt used. TJio wort drawn from the first mash 
should clobely resemble in colour tlie mixture of malt used, and it slioiild have a close and tough, 
silvery white bead, changing to a delicate cream colour. Tho iempiirature or tai)-hoat at which the 
wort is drawn varii.'s acw)i(ling to the nature of the malt used ; but it is about G2° to G3° (144° to 
140° F.), If tho boat of the mash be too liigli, tlio head on the wort will have a brown tinge ; and 
if b)o lt)w, tho head will be dcfixdent in closeness and firmness, and the wort will not be bright or 
well flavoured. Woit of this kind is particularly liable to aceiificaiion, and it should be exposed to 
the air as little ns possible. Wort of any kind is not benefited by exposure at this stage, and 
bliouhl never be allowotl to remain in tho underbaek longer than is necessary. 

When the wort has beeix drained into the underbaek, the mash tun is cleared of tho waste malt 
oi grains. I’his is ordinarily done hymen with wooden shovels, hut involves waste of labour in 
largo and dee]) tuiiH. A better method is to provide tho tuns with oj)ening8 in tho side near the 
hottora? eoinmuiiio^itiiig with shoots, TIkj wort wln n drawn from the mash tun is compo.sed of 
wator, glueoHO or saechnrum, fin<l gum or inueilagc, together with small proportions of starch, gluten, 
and alhurnon. During tin? early part of the proco.ss of boiling, diuHtase effects the conversion of tho 
slandi into sugar, xlextiiiie, and guiu ; and as the boiling go<‘s on, the wort is concentrated, and a 
certain i)roporiion of the albuminous matter pre.^ent is deposited in a flocculeiit form. The hops 
are added to tho worts at this stage. 

BoUmj.m-^y\\{\ time during whicli tho boiling must bo continued will depend upon several cir- 
cumstances, such as the evaporative jiowx'r of tJie copper and the amount to which tho wort has to 
be conoentratod. (Generally tho proi»oriion (waporated during tln‘ boiling is about one-seventh ; and 
there is a further lo.ss }>y evaporation as tho wort cools down from tho boiling point. In 
determining the duration of tho boiling, the time required to obtain the necessary extract from 
tho hoj)8 has to bo considered. The stronger the hops, tho longer boiling tliey ro<iuiro to obtain 
the full extract. 

The quantity of hoi)S ad(l(<d to tlio wort deqx^nds the quality of the boor being brewed 
and tho time it isinieuded to f )0 kci)t. Tho mciasured quantity of iioi)s is sometimes mt'rely thrown 
into tho ooi)i)er, and siirnid into tho wort; sometimes the ho})s an' picked but and strewn on the 
surface, where tJiey are allowed to remain for some time be fore being stirred in. Tho object of 
surface treatment is to allow tho hops to he permeated by the rising steam, thus oi)onii)g the pores 
before immersion in the wort. When boiling takes jilaco in an ojxm co])per, tho layer of hoj )3 on 
the surface of Ihe worts prevents contact with the almosphero. In many breweries, wlu're two or 
three mushes are made, the liojjs, after boiling with the wort from tlie first mash, are discharged 
with it to the lioj)d)aclv, and aie returiu'd into the cop^ier to be boiled with the second wort, and so 
on. This in tho general practice at the London breweries, and in Bome the hop-backs are fitted 
with eh'vators, by which tho hops etin bo tmnsferrod to tho coppers. At Charringtoii’s, a long 
Archimedean screw, similar to those used for transx)orting malt or gTist, placed at an angle of 
alK)ut i50'\ is used for raising tho ho]»s fiom one of thi hop-backs to the copper. When hops jiro 
treated in this way, the moisture finally retuinod in them, which, unloBs the hoj)s are allowed 
ample time for drainage, will amount to oiu'. barrel for every GO Ih. of hojis, is only of the strength 
of tho wort with which tliey were last heated, and is of comparatively little value. Anollnir jilan 
is to discharge <h(' hoiis from the eop]H'r with tlio first wort, and allow them to remain in tho hop- 
huek, tho suoeet'ding worts being merely pounnl over. This plan effects a gradual^w\;ak(‘ning of 
the liijuor retained by tho hops. Another m< tliotl of preventing loss by the reteiitian of wort, is to 
Hubjoet the wort to pre'ssnro. At Halt’s brewery at Burton tlio practice is, with th© host palo 
ales, to boil tho hojis with only the first wort. After discharge from tho copper with tho wort, 
tluiy are removed from tho ht)]>-hurk and pressed, and aro then available for another brewftjg. Tho 
Iiojts are somotimes boiU d with tho first and second worts, and are then pressed, so as to thoroughly 
irmovo any wort hold by them. At Allsopp’s, Bass’s. Halt’s, and other large breweries, hojg presses, 
worked by hydruuHe power, an* used, whilst in smaller establishments screw presses aro oippl^ycd. 
At Yvamgor’s bu'Wery at Kdinburgh, tho wort^is expelled from tho hops in centrifugal drying 
machim^s. * 

Kxtonded series of i'X]>orimcnts on hosting by lulws containing steam have boon made, and very 
various results have lien'ii obtained by tho several authorities. It will bo sufficient for gonei^ 
purjKMos to bo t'liablod to calculato the amount of surface necessary to boil or to evaporate one 
barrol of wator in ouo hour by means of siuam pi|)cs, and as well to furnish dmilar data for steam- 



BEEB. 897 

f 

beatei boilers with dotible bottoms. The steam may be assumed as at 30 lb. pressure a square inch 
ibovo atmwpheric pressure. 

A barrel of water weighs 360 lb., and to increase its temperature from 52° to 212° F., or 160°, 
it is necessary to impart 860 x 160 = 57,600 thermal ULits, As 1t»e latent heat of steam at 
itraospheric pressure is 966° *G, additional heat amouitting to 860 x 966° *6 = 347*976 thermal 
jnits is necessary to convert a barrel of water into steam ; or a total of 405,576 thermal uilits is 
■equiro<l to evaporate ono barrel of water from an initial temperature of 52° F. 

Prexjoeding in this way, it has been calculated thati^jthe areas of stonm-hoated surface required 
Ml raise ono barrel of water an hour from an initial temperaturo of 52° If. to the point, is for 

Sq. ft. Sq. ft. 


Copper steam-pipes IJ Copper with double bottom .. ,. 2 

Iron 8 Cast-iron boiler with double bottom . . 4| 


The areas of stoam-hoated surface required to evaporate ono barrel of water an hour from an 
initial temporaiuro of 100" (2i^° F.) are: — 

Rq. ft. , , Sq. ft 

Copper steam-pipes 24^ Copper wtfli double bottom .. ..^30 

Iron 40 

The' same data for 100 gallons arc : — 

To boU . To ovaporato. 

Copper steam-pipes .. .. 4i sq. ft. .. 67^ sq. ft. 

Iron 8 „ ..111 „ 

Copper with double bottom . . 5 „ . . 82 „ 

Cast-iron boiler with double bottom 12^ .. 208 

Graham is of opinion that unboilotl wort, after fermentation, no matter how vigortjsns tho yeast 
may have growm, never produces sound ales. Worts therefore must bo hoih'd, and tho action 
prolonged, so that tho albuminous substances may bo broken down in complexity, their activity 
destroyed, and at the same time colouring matters prtKluccd as in malting. In the boiling process, 
if there sliould have been, by cbaricci, any insoluble starch carrit'd over with tho wort, it will bo 
converted into solublo starch, but not into dextrine, for soluble starch is not conviTted info doxtiiuo 
by tlio action of boiling. If any itisolnblo starch is run into tho eoppisr, that starch will bo found 
throughout tho subsequent stages. Dextrine in tho boiling process is not converted into sugar, 
although some brewers hold that opinion. 

According to tlio present tlieory of brewing, boiling may bo considered a necessity. Some 
theorists assert that it is not required, but no practical progress has been made in evidoneo of good 
results arising from omission of this part of tha browing process. By boiling, two results accrue, 
the elimination of a largo quantity (.)f albumen from thn beer, wliich is completed after about 
twenty minutes from the commi-ncemeiit of boiling, and too absorption by the b(;er of the bitter 
principle of tho hop. But for uelther of these results is ebullition nct'ossary, as both may bo 
attained by exposure of the wort to certain high ternporaturos. With low-dried malts, heat below 
the boiling point of water will precipitate the albumen of the malt, and a tempernture cither higher 
lower will abstract the bettor principle of tho hop, with, howt ver, slight dillerencos of flavour, 
resulting from different temperatures. Boiling is j)rncticjdly necesyary us a me ans of evaporation. 
A copper can easily made to evaporate 15 per cent, of the water fnan the beer while the 
albumen and hop are under treatment, allowing of an equivalent of water Ixjing used in tho mash 
tun to extract tlie malt. Coagulation of tho albumen by boiliTig may bo seen, wlion a sample of 
the wort is taken in a glass ; where the malt is low-driid and unsafe, tho flakes are largo, but 
when the malt is now and has been well diied the flakes are small. Tho precipitation is less from 
tho second and third boilings of tho niosh tun, than fnnn the first; but notwithstanding this 
fact, it is the practice to boil tho lighter mashes longer, for what purpose there dws not appear 
sufficient roason to show, except that the first portion of tho mash cannot b(*. boiled long unless it is 
a very light brow, while the after portion may be boiled for evaporation as long as the brewer may 
desire. Boiling is continued for about two hours for the general cla.sH of beer. For cxiK)rt beer, 
where a great quantity of hop has to l>e boiled down in a single (X)pper, throe hours arc sometiuK's 
allowed. Heavy boor will rtKiuiro only ono to ono and a half hour, as the greater density of tho 
wort is the cause of considerable increase of temperature in the copper. If heavy beers are boiled 
too long, the pale wort becomes brown, and a fla'vour similar to that of porter is given to the Iwer. 
Coagulation, and the discolouring of strong wortsj occur in comparatively shallow deptlis, say 
about 4 ft. in some coppers, so that coppers should bo made wider for strong beers than for liglit 
beers. Tho boiling of heavy beers should always be followed by the boiling of light boor, in order 
to work out the mash-tun products, and utilize tho half-extracted bitter of the hop, as well as to 
recover the strong wort absorbed by the hop in tho boiling of the heavy beers. Tho method of 
working with repeated lx)iling8 and returning tho contents of tho copper is highly economical, 
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and is generally pursued in the porter trade, where three boilings and returns of hop afe common. 
Double boilings of hop are, however, supposed to be the safe limit in beer brewing, and many large 
brewers will not exceed one boiling with the hop, but disperse the quantity boiled over the malt, 
amongst the boilings of th^mash extracts from which the worts have bt^en taken. In this case, the 
hop is sent to be pressed to obtain the final amount of extract. It is the opinion of some brewers, 
who'tiavo had large practice, that reboiling of the hop affoj ds great economy in brewing, and is 
perfectly safe when exposure to air is prevented. Most of tliose who have failed in trials of 
reboiling have worked with high final temperatures, technically termed high tail heats, which 
have given tflisound products in the mash tun, and thes<% acting on the hop in the oOpper, extract 
from it an astringent principle imparting a bad flavour to the beer. 

For the production of a fine beer, more depoii<ls upon boiling than brewers generally admit. 
There is more that should be considered than mere ebullition or more attainment of lOO'^ ; the 
influence of barometric pressure, shape of tlie co})per, whether it is closed or open, are of great 
importai‘Oe, but have not r<iceived that attention which experiment has shown them to merit. The 
peculiar flavour of Ix>ndon porter is iindoubhidly duo to the particular method of boiling, and to tho 
use of large boiling coppers. A ooluinn of water 2 ft 3 in. high, gives a pressure of 1 lb. a square 
inch, and a temperature difteronoe at tho two extremities of about P, when heated as beers usually 
are, so ihiii a boiler of 12 ft. iu depth may hnv(^ a difference of about (8'^ F.) from the temperature 
of an ortSimiry beer copper. A wide copper, that allows freedom to tho currents of ebullition, keeps its 
wort coohir than a narrow copi)or, in whicli tln^ upper und downward (uirrents come into contact. 
For this reason a wide bulging copper, witli an n.scending current in the centre and descending 
cuiTcnta at tho side, is host fitted fin- jjal beer; and a d(;op eop])er with almost perpendicular sides, 
by constricting tho space for circulation and causing tho descending currents to return upon the 
ascending currents, in other words, the col<i currents upon tho liot, is host for porter. In boiling, 
any hindrauiio to circulation causes incToaso of temperature. The wort at the bottom of the copper, 
loses solidity, becoraos frothy and thus loses its conducting power, so that the copper bottom 
attains a temperature which renders tlu^ copper bad for ale, but better for conv(‘rting extract of black 
malt into porter, lloilers with steam tubes at tho bottom, and a false bottom at some distance 
almve tho tubes, inten<led to keep the hop from contact with the source of heat, are iiiiHUceessful, 
because there is no circulation, and the woii hoiicath tho false bottom is siqKjrlieatod, whilst tliat 
above remains cohl. In Scotch broworit‘H, tho coppers are much wich^r than they are deep, whilst 
iu tho West and North of England they are do<ipor than wide; on this acoount Ijancashire beer 
takes its peculiar flavour. Tho high tcniperature employed in boiling Lancashire beiTS is beneficial 
only so long ns the malt is properly cured, nud so dried ns to npi>roach an amber colour, but, without 
this preparalion of the malt, it is useless to attempt rectilieation iu the co])per. It is agreed in the 
best practice that extra heat in tho copper will not give additional keeping quality to either black 
or pale boors, unless the malt has been ciinul and hoatod to correspond with tho temperatures of the 
coppers. Narrow ci'ppers uro wasteful ami troublesome, because the contents are liable to bo forced 
over tho Ups from tho want of space for tho currents of ebullition. Scotland and Lancashire may 
be regardi'd as presoniiiig examples of tliooxjtremo limits of form for copi)ers. In Ijondon breweries, 
domed c<q>pcrs are enqdoycd, and this may in some measure acci)unt f(»r the superior flavrmr 
of London porter. Forter must he boiled at a temperature of 107® to 110® (225® to 230® F.), and thffe 
timiiHirature can be i\ttained in a straight-sidc'd btuler, well fired, by boiling at a charge depth of 
12 ft., or with a pressure iu a small dumed-b(»iler of 4 or o lb. a square inch. Domed eoj)pers, hc'sides 
the safety valve liavc a vacuum valve to prevent collapse ; stdim boiling is attended with some diffi- 
culty unless carried out in douhle-hottom coppers, which ropiire tho use of tubes to give 50 per cent. 
' of steam surface over that of fire surface. 

(Sraham is of opinion that long boiling is lu'ccssary, and that a portion of the quantity of hops 
bIiouUI ho added after the first half-hour’s boiling, the scum removed, hops again added, ami 
boiling continued for an Iiour or an hour and a half, ns may bo required. 

All b( ors when kept for a tV'W months, ago and lose tho distinctive flavour of the hop. In the 
hopping of beers, the range of <puiiitity betwetm 4 to 21 Ih. a quarter occurs in prootioa Scotch 
mild ale is made witli 4 to 0 Ih. to tlie quarter, and Scotch pale ale with 10 lb. of hop ; BuvtOn mild 
ale, 12 Ih. ; Scotch ('Xjx'rt ale, IG to 20 lb. ; Burton homo pale ale, 20 to 24 lb. Porter, for early 
s^de, is made with 8 to 10 lb. of hop, and for export, with 12 to 14 lb. good quality. Stout for home 
use is hopped with 12 to 14 lb. ; and export stout 16 to 18 lb. a quarter. Tho hop for porter and 
stout is always rehoiled. 

In raw hopping the hocr in cask, 1 lb. to the tarrol is usually allowed for home sales, atid 2 lb. 
ti> the In^gshoad for exjx^rt beers. The finest now hoji isselticted for this puiqwse ; delicate for liome, 
and stning for oxtraet beer. Vatted ales are always mw hopped. Stouts ore sometimes thus 
treated, according to the practice of the brewer. In tire Ijest pmctice, it is generally admitted to Ik) 
a mistiike to hop tho beer both in copper and cask, espocially for tho purpose of correcting stale 
malt ; a letter plan is to re-dry the malt 
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tlie intioduettoQ of ro^igeratiiig apparataSi beer Wort was cooled on cA)ling 
floors, flats of buildings floored and flanged round to a depth of about 6 in. These floors were of 
oak, teak, cast iron, or copper, but the loss of beer from the old wooden coolers through absorption 
by the wood was sometimes equfd to 5 por cent, of the net jiesults of the brewing. Oonsiderablo 
difference of opinion occurs as to the advantages of refrigerators over coolers, but beyond the advan- 
tage of evaporation, in helping to remove the mash water, there is no benefit from tlie use wf a 
cooler. The most economical and safest brewing is that conducted with refrigerators, so that the 
wort may be run direct from the hop-back through the refrigerator to the permeating tun. If 
the rofrigeratiyii is effected with cold water, the supply necessary is equal to doublg that needed 
to cool with the cooler, if the wort is at a temperature when it begins to run, of about 55^ (130® F.). 

After boiling, the worts are, os a rule, discharged from the copper or boiling back, as the case 
may be, into the hop-back, a largo tank or vessel fitted with strainers for separating the hop from 
the wort. In those breweries in which tho wort has to bo pumped from the hop-back into the 
coolers, tlie former, in addition to acting as a strainer, serves os a reservoir from which the pu' \p8 can 
draw. Sometimes the hops are placed in the boiling back, ooclosed in a perforated sheet-iron vcjssbl, 
and as in tliis case they cannot mix with the wort, the Matter does not require to bo strained 
after boiling, and it is theredbre run dir ect from the boiling bock to the coolers, no hop-back ^Kiing 
used. 

A hop-back should always be capable of containing the full contents of tho copper in conoioction 
with which it is worked, and if it is of any groat size, it should be fitted with elevating machinery, 
for returning the hops to tho copper. To enahlo ho 2 >-baoks to act as strainers, they are fitted with 
perforated false bottoms, constructed generally of cast-iron plates, arranged to bo readily removed 
for cleaning puriwses. The space below the false bottom communicates either with the suction 
pipe of the pumps, or with a pipe loading direct to tho coolers. The perforations in the false 
bottoms are somotimes narrow slits about in. in width, and 2 in. or 3 in. long, and som^imes small 
holes about -J in. or in. in diainotor. In either case*, the perforations are well countersunk on the 
inner side of the plates, so that tho thickness, through which the narrow openings extend, is not 
great. The draining power of any hop-back varies directly as the area of tho openings in the false 
bottom, and, as those openings must not bo limited in size, they should be placed as closely together 
as possible. As tl)0 flow of the wort through the perforations is accelerated by increasing the 
depth of wort, there has been an erroneous tendency to make hop-backs deeper than needful, to 
obtain increased head. With given quantity of wort, an increased depth can only be obtained by 
a reduction of the horizontal, and consequently of the drainage, area, hop-backs, as a rule, being 
furnished with perforations only at tho bottom. The reduction of drainage area consequent upon the 
iucreaso in d(>pth varies directly as that increase, whilst tho velfxuty of flow through the perforations 
in the false bottom is augmented only as tlio square root of the iucreaso iu depth. For example, a 
Jjop-back has a drainage area of 40 sq. ft., and the wort stands at a depth of 4 ft. above tho false 
bottom. Tho theoretical velocity of flow tlirough the perforations should be about 1(3 ft. a second. 
If the hop-buck be supi^osed to be contracted until tho horizontal area is reduced to 10 sq. ft., tho 
depth of tlic wort will Ixj increased to 16 ft., and tho flow duo to this head will bo 32 ft. a second. 
Tho velocity of flow will only have been doubled, whilst the drainage area has boon reduced to one- 
fourth ; and the quanlity of wort drained from the back in a given time will only be half that in 
tho former case. Tho greater the depth, tho greater also will bo the quantity of Imps doposited on 
each unit of area of the bottom, and tho moro resistance offered to the passage of the wort. Wlion 
the depth of the wort above the false bottom is 5 ft. 9 in., tliero will bo about one barrel above each 
square foot of bottom area, and tho quantity of liops doposited a square foot will noixrly corre- 
sjx)nd to that quantity a barrel, whilst, if the depth is but 2 ff. lOJ in., there will be but half this 
quantity doposited a square foot, and so on. A certain portion of tlic drainage area cun bo kept clear 
by raking away tho hops ; but the area covered by tlie h(ip8 will always depend upon tho depth of 
wort originully contained in the back. Hop-bocks should, therefore, not be mure than 2 ft. G in. or 
3 ft. deep above the false bottom. Whore tho wort is purnpod from below the false bottom of a hop, 
back, an artificial head is caused by the exhaustion, if tho pumps are 8uflici(uitly powerful. In a 
hop-back at Charrington’s brewery another [flau has Vxjen adopted, to avedd loss of drainage 
area by the deposit of hops. This hop-back is provided with vertical grilles, in addition to theonli- 
nary perforated bottom. The back, 48 ft. long by 12 ft. wide and 5 ft. 3 in, deep, is provided, at 
a distance of 6 ft. from etich end, with a diaphragm or partition. The partitions ore each formed of 
a series of angle irons placed vertically side by side, with spaces | in. wide between. These vertical 
angle irons, forming the grids, are rivotetl at the t3p to an angle iron. Between the diaphragm s 
or screens, the hop-back is provided with a false bottom, placed 3 in. above the real bottom, 
and constniUfked of cast-iron plates. Tho cast-iron plates are each 3 ft. long by 1 ft wide by 
in. thick round the edges, and | in. thick at the perforated portion. The boles aye ^ in. in 
diameter, and are deeply countersunk on the under side, and are placed at 1 in. pitch. The space 
between the false bottom communicates at each end with those portions of the hop-back beyond the 
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vertical grillee, the end openings being each protected by a curved grill, irona 

similar if) those nsed in the vertical screens, but placed closer together. The bottom of thf back is 
laid with a fall of ' in. a foot from each end towards the centre, where a gutter, 8 ft. wide by ^ in. 
deep, is formed, with whyh the suction pipe of the pumps communicates. ^ 00 ^ 

The action of this arrangement is as follows : When the worts are poured in, dminage tokos 
phwo through the false bottom between the diaphragms in the usual manner; and in addition to 
lliis ilic wort also pns8(5s through the vertical grilles or diaphragms into the end divisions of the 
buck. From these latter it passes through the curved grilles, which serve to separate any hops that 
may have pissed through the vertical diaphragms, and so into the space below the fi^se bottom, and 
t hence to th(* pumps. 

Winn drawn from the hop-back, tlio wort lias to bo cooled to the temperature at which it 
is placed in the fermenting tun. This toraperature vaiics from 12° to 18° (54° to 64° F.), and 
oJIfrwing for sf)mo loss of lieat in the hop-back and communicating pipes, the temperature of the 
wort htis to bo reduced ubtmt 83° (150° F). This reduction is sometimes effected by exposing the 
woit to the air in sliallow vessels, or coolers; sometimes by passing it through a refrigerator, and 
very generally by a combination of the two methods. 

"(JVwMlen ('oolers arc those most frerjuontly met with, probably on account of cheapness, but they 
are opeii to many objections. They are usually made of Dantzic deals about in, thick, the 
board* being pegged to the joint pi(‘ecs with wotxlen pins. The coolers should be laid with a 
Hliglit imdintition towards tlie point at whicli the wort is drawm ofi* and the hoards should bo planed 
as smooth as possible, bo that they may ho more readily kept clean. Too much care cannot be paid 
to the eloanlinesH of the oooU'rs, and they should be frcMpiently well washed with lime water. If 
the coolers are not in almost continual use, it is ndvisahh' to keep them covered with water when 
not required for th <3 wort, as the pores of the wood, which have been opened by the action of tho 
liol wort, gro prevented from absorbing air which would come into contact with the next wort, and 
cauM(^ incipient fernioniation, generally termed foxing. 

Metal cooloiB are g ncrally placed so that their under 8id(‘8 are exposed to tho air as well as the 
upper purfaoo, and the cooling effect is thus increost d. This arrangement should bo adopted in all 
metal coolers. At Truman’s, tho coolers are of copper, and are two in number, each 110 ft. 
long by 25 ft wide. They are made of thin copper, tho weight a square foot being alxiut lb., and 
are support txl merely on joists, the undei sides being freely oxpoB(*d to the air. The wort is not 
allowed to remain in these coolers, Imt is run over them in a thin stream to a refrigerator, which 
complet(*H tho cooling jiroeess, Tlieso cixdersare capable, under ‘ordinary circumstances, of cooling 
about tiity barrels of wort an hour from the boiling point to a tempornturo of 43° (110° F.) ; the 
combinoil surface of tho coolers being 5500 sq. ft. ’J'his is a very high result, and is partly due to 
tho w^ort being kept in circulation over the coolers, and to the coolers being made of thin copper. 

Special rules for the dimensions of coolers are inadmissible. Besides the variations in tempera- 
tuie and state of tho atmoHphorc, wliich exercise a most important influence on the efficiency of 
cooling surfiicts tho position in whicli tho coolers are placed, and tho degree in which they 
are prott'ctoil fiom free currents of air by surrounding buildings, modify considerably tbidr refrige- 
rating power, (^)olors sbould always bo placed so that tho air has free access, and to this 
end it is usutd to make the walls of tlio rooms containing them of louvres, whicli can Ix^ opcnefl^is 
may be required. If tho wort is to stand on tlu‘ coolers, these should bo of such size that the depth 
of the wort may not exceed 2 in. or in., or, in othtr words, have an Area of about 3(5 sq ft. a 
banel, each squari' foot tliiis carrying a gallon of wort. Wh(*n covered with wort to this dejitli, a 
wcll-Bituated cooler w ill, imdtr onUiiary circumstances, effect the required re<iuction of temperutuie 
in six to eight hourH. 

Tho cooling power of a coriain area of cooler surraoe may he increased by causing the w^ort to 
flow over tho oiKilers instead of remaining quusccut, or by causing the surface to be swept by an 
artificial current of air. 

If ooolors are work(‘d in connection witli a refrigerator, so that there may be a regular flow of 
wort, they should bo of i'onsidt^rahle length in p.^portion to tho width, or if of nearly square shape, 
divided by partitions placed so ns to leave pjvssages post the alternate ends, so that the wort may 
have to travel through n scrit^s of long nnd comparativi ly narrow channels. The wort should bo 
drawn off from iliffcrent fioints in the width of the strtMim, either through a number of openings 
communicating with a single piiie, or by letting tht^ wort fall over a kind of weir extending across 
the stream. By these moans, gn ater uniformity of current will be ensured. 

Of tlic extent to which the cixiling powier off a given area of wort surface is inotOMed by the 
passage over it ot a current of air, some idea may be gained from Dalton’s experimenta un ©vapora- 
titm at imtuml tenip<»ratur(‘s. With water at 100°, ami an atmospheric temperature # 16°, it was 
found that a surface of alxiut 27 sq. in., which would evaporate 2*1 grains a minute in still dry 
air, would ovaporuto 3*3 grains a minute when there was a brisk current air passing. When 
coolers are placed at an elevated poi t i>f the brewery, as is very usually the they arc* generally 
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SBbjeq^ to niktuml oorrents of air of greats or less force j btit in addition to this it is the pmetioe 
in many breweries to assist the cooling by the use of fans. Fans, having each tirree or four vanes, 
are caused to rotate horizontally immediately above the surface of the wort, the blades or vanes 
being placed with their surtaces inclined to the plane ot rotation so that tile current of air is deflected 
downwards as well as caused to spread radially. Fans arranged in this way not only cause a constant 
change of the air in contact with the wc-t, but give rise to currents in the wort itself, and thus it*nd 
to equalize its temi)erature throughout. 

Another arrangement for obtaining an artificial current of air over the wort has been adopted. 
A cooler is attached to each pair cf mush tuns, and ip of sheet iron, supported on ©pen joists, so 
that the under sides are fretdy exposorl to the air. At one comer of the cooler is a fan, communi- 
cating with a wooden trunk, led along one side of the (V)olcr, having 0 |)ening 8 through which the 
air can enter, Tlio moist air, drawn otf by the fan from the surface of the wort, is expelled through 
a pipe, which rises through the roof of the buiMing. 

The best brewing j^ractice is now tending to the employment of refrigerators alone for cooling 
the wort, and for this Uiere are man) reasons. A lengthened exposure to the atmosphere, to which 
the wort is subjected on tlie co^>ler'3, is far from beneficial and in comparatively warm weather apt 
to induce acidity. There is also a loss by absorption on the coolers, and a loss by evapoaation. 
As this latter loss is merely of water, it may, at first sight, appear to bo of but. small consequence ; in 
reality this is not the cas*j Under oiiinary circumstaueea, the loss by evaporation alone iA about 
8 i>er cent., and this iimdvcs the use of 8 jk't cent, more liquor in washing than would otherwise 
be necessary to produce a wort of a given final strength. The quantity of wort to be boiled is also 
increased 8 per cent., and since the quantity of fuel used is, in large brewings, proportional to tho 
quantity oC wort and liquor boated, an additional consumption of 8 per cent, of fuel is tlie result. 
When the wort is cooled entirely by passing it through a rcfiigcmtor, the loss by evaporation is of 
course a//, and since a less quantity of liquor will have to bo used in mashing, there will be a less 
quantity to heat as liquor, and to boil afterwards as wort. In many cases, the hot water obtained 
from the refrigerators may be fed into the liquor boilers. Again, whore fans are used, tho expense 
of the engine power required to drive them has also to be cqn.siderod. 

Against tlie disadvantages of tho C(X)lcrs are to bo set the expense of tho refrigerator and the 
cost of supplying it with water, either by pumping or otherwise; in all but very exceptional 
cases, the balance will be in favour of tiic use of the refrigt^raior. In many instances, tho water heated 
bypassing thiough tho rcfrig('rator can bo used for brewing purr>oses, and even when the water used 
for refrigemtion is not available for browing, tin* supply of hot liquor can generally bo turned to 
some account. Coolers are best employed only for effecting the reduction of tho temperature of tho 
wort from boiling point to 41^(1 1(F F.) or .50'^’ ( 120 ^ F.), the cooling being completed by a riTrigorator. 

In the cooling process, a precipitate is formeddue to two causers, the simple action of cold being 
one. Part of the olhiiniinous inait('r, that which combines with tannic acid to form tannate of 
albumen, js pretipi tated, the precipitate being als due to oxidation. During a long cooling 
from a high temperature, as when the worts are coob d upon oix)n coolers, oxidation is set up by 
tho air, tho most dangerous temperatures being from Jtjr to .50'^ (lOO*^ to 120^ F.}. If starch is 
present in soluble condition it is likely to set up decay, which Graham states is not duo to tlio 
acifionof vital organisms, but to the division of the grope sugar or glucose into two equal molecules, 
each containing CjllaOj, qT. lactic acid; the molecule of glncoso simply breaks up into two mole- 
cules of luetic acid, no gai being given off nor precipitate formed, but the acid is produced by simple 
alteration of the molectiiajr arrangement. This action is likely to 0 (*cur in a prolonged exposure 
to temperatures between 16*^ and 38^ (GO” and 100” F,). llaj)id cooling therefore is essential. 

Wort cooled on cooling floors is stated to be sound and good if it pre.^ents a black appearance 
on the surface, a reddish hue being imlicative of putrefaction. When this rod colour occurs, tho 
coolers must be thoroughly cleansed with chloride of lime and quick lime, not with bisulphite of 
lime. Graham considers that cooling should be continued to about 18” (G4” F.) or IG” (GG° F.). 

In Burton, it is carried to 14” (57” F.), and in Bavaria, where tho bottom formemtation process is 
employ c<l, to (P (42^ F.). 

Ferment^im. — When cooled, the wort is l(‘d to the vessels or tuns in which it is to undergo 
fermentation. The nature of the chemical changes known as fermentation, and tlie conditions under 
which they take place, have been described and indicateil in a former article (see Alcohol, p. 11)4), , 

The sugar in the wort on its transformation into glucose takes up two equivalents of water ; 
therefore the combined weights of the carbonic acid and tho alcohol resulting from the fermenta- 
tion is greater than that of the sugar originally contained in the wort. It follows that there should 
be an increase in the specific gravity of the solution or wort during the time that the conversion 
of the cane sugar into giape sugar is taking place. This is actually the case, and it is a fact of 
which the brewer takes advantage. As the evolution of carbonic acid gas progresses, the specific 
gravity of the liquid is observed to decrease ; and this gradual reduction of specific gravity is by 
brewers termed the “ attenuation.'* The attenuation of the wort is accompanied by a rise in tem- 
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perafure, and it is by this increase of temperature, combined with tbe reductiem of the specific 
gravity, as observed by the saccharomefer, as, well as by the appearance of the head formed, that 
the brewer is enabled to judge how the process of fermentation is proceeding. 

In the fermentation a malt wort, the conversion of the saccharine constituents into alcohol and 
carbonic acid does not occur alone. The albumen and gluten become insoluble in the alcohol 
fowned by the process of fermentation. Under the circumstances of the English method of pro- 
cedure, one portion of these insoluble sulistanoea is buoyed up by tlie ascending globules of carbonic 
acid forming tlio frothy head which collects on tbe surface. The remaining portion of the insoluble 
matters is d^;posited as bottom barm, which con.sists of gluten mixed with the denser impurities of 
the wort, and is a cruder material than the yeast floating on the surface. The proportion that tbe 
floating yeast will boar to tho bottom harm will vary with the nature of the malt, the heat of the 
mashing process, and with the temperature at which the fermentation is carried on. In the case of 
tho Bavarian brewing process, in which the fermentation is allowed to proceed very slowly, a mere 
film is formed on the surface of the wort, the insoluble matters being almost entirely deposited as a 
viscid Hcdirnent, termed the “ unterhefe.’* 

Tho initial temperature at which the wort is pitched or mixed with the yeast in the fermenting 
tims^^xercises an important influence upon the energy of the fermentation, and it has to be regu- 
lated according to the atmospheric tempfiratnn; of tho tnn room and the strength of the wort. 
According to Uni English jaactice, tho pitching temperature ranges from 11^ (51° F.) to as high as 
18" (04° F.), but in the Bavarian system it is kept as low as 7° to Kf' (45° to 50° F.) In winter, 
the air, being at a low teinperatun^ t<‘nd.s to check tlie energy of the fermentation ; whilst, in 
summer, as the air is fro(iuet.tjy at u higher hunpernfure than that at which tho wort is pitched, 
ttio feruicntation is more diliicult to control. For ihese reasons, it is necessary that the pitching 
tomperatviro shouhl Ik- h>wer in summer than in winter, unless means are provided for keeping tho 
tun room *ool. The Kinallcr the vtmsols in which the fermentation is carried on, tho greater will be 
tho surface exposed by them in nre».nrtit)U to their contents, and tho greater therefore will bo tho 
inlluenco exerted by the atn .^)lj( jic temperaturo. 8o long as tho temj)orature of the air in the 
tun room is below that of ,jie w’ort, the cin rgy of tho fermentation niiiy bo cheeked by dividing 
out the wort into a nuniVn-r of small vcs.'^ols; but if the atmospheric temperature in the tun room 
is higlior tliun that of tho vL:/,)rt . j yic rt^ erse eflbet would, of course, bo produced by such a system 
of division. Care is generally toKen to lo construct and pltu’o the tun room tliat it may bo kept at 
a moderate t('ruperature evtai during the hottest weather, whilst in some instances special arrange- 
ments for cooling the air an; udopied. Anotlu^r point lobe considered with respect to the initial 
teiii|>crature is the character of the la^cr to be produced ; a light bc-cr, infcmled for immediate 
eousuuif)Uon, may lu* pitched at a compa ativo^y•JUigh temperature, hut in the ease of a strong stoi^k 
alo the initial temperaturo should not bo^iighGr'yiun 12° or 13° (54° or 5G° F.), and it should not 
ho allow'f'd to riso more than 10° (IC/F.) during tho ])roccs8 of formentatiou. Pule ales, also, 
whieli usually receive a liberal allowance of yeast, sliould bo pitched at a low temperature. The 
»iuan1ity of yi ust to be mUU)»l, like the ])itching temperature, deijends upon so many circumstances 
that it is imjiosdhlo t<» give any general rule. 

'J'ho best yeast is couhidered to bu that obtained from pale gyles towards the complotiun of 
alcoladie fermentation, this yeast Ixdftg denser than that thrown off during the earlier stages, lind 
free fi'oiu admixture with old yeast that has been added to the wort to induce fermentation. Yeast, if 
collected from the stillions and placed in reservoirs or tubs, is apt to work and lose strength ; it is 
bettor to let it remain in the stillions with a portion of the drawings, until required, when the draw- 
ings should hti strained off. If the jeast lias to bo stored, it is best coveretl with water, and kept 
in the eoolo.Mt place available. Tho water should ho quite cool, and should be occasionally renewed. 

The heavier, or in other words tho stionger, the w^ort, the greater will be tlie proportion of yeast 
necessary, and this pro[)tiitu)n will also bo aftectod by the degree of atlemiatiori to be produced. 
'Idio quantity of yeast required depends also uism the temperature at wliich the gyle is pitched ; the 
higlior this temperature, tho less tho quantity of yoast necessary. Black states that if the worts 
are got togt lher in tho gylo tun at a temperaturo under 15° (00° F.), about 1 lb. of yeast a Imrrel 
for every 10 11). of gravity, a.s indicattul by I^oug’s insinunont, will bo found to produce a loss of 1 lb. 
in ationuatiou for ovoiy degree of boat gained, and ho considers this to be r good working rule. 
^It slaadd be remc iubme(l in all eases that a deflcicncy of yoast is letter than an excess, since it is 
possible, if the ferniontaiion is sluggish, to add more yeast ; whereas, if tho latter be in excess, a too 
violi'ut fermentation may be set up, which it may bo impossible to control. Yeast added after tho 
fernK'utiition sliould bo first mixed with aiporfion of the wort, and then well stirred in; but this 
pnictico is not to l>o recommended, since it is likely to impart a rank flavour of yeast to the beer, 
111 all cases where the weight of tho yoast ptT gallon is not accurately known, the yeast should bo 
apportiontnl out by weight, and not by rueasuroment. Before the yeast is placed in the tun, it is 
mixed with a small quantity of wort, and left in n warm place until fermentation commences, when 
tho mixture, termed “lobh,** may Ik) added to the gylo in the tun. 8omd brewers add the full 





403 


qa&Q^ity of yeaul onoe, whilst oihers ipsem a certain proportion to be added subsequently to 
stimulate the fermentation. So long^ however, as the quantity of yeast required is accurately 
known, the former system appears to be preferable. 

In a thoroughly healthy fermentation, the rise of temperature whiol ensues os the process goes 
on should be steadily accompanied by a decrease in the gravity of the wort, or, for every degree of 
heat gained, a pound of aaochurinfe ma*^ter j>er barrel should be transformed into carbonic acid* and 
alcohol, an effect which will be shown by the saccharometer. Of course, this correspondence between 
the increase of heat and the attenuation attained is to some extent liable to modification by 
extremes of heat or cold. The stages of a health v fermentation are as follows : — Some six or eight 
hours after the yeast has been adde<l, minute bubbles of carbonic acid gas begin to rise, and a thin 
creamy froth is formed, first round the edges of the tun, but gradually extending over the whole 
surface of the liquid. As the temperature rises, and the decomposition of the saoobarine matter 
becomes rapid, the evolution of tlio ce'*\)onlo acid gas takes place more freely, and, as a consequence, 
the froth rises, forming what is termed the caulifiower bead.” At this stage, the aroma becomes 
very perceptible. Hie cauUfiower head should rise two or three foot above the surface of tlio gyle, 
and it should be of a brownish- white colour ; a bluish white colour at some parts indicates un- 
soundness. The next change ' insists in tlie breaking up of the cauliflower head into what is 
termed the “ rocky head.” The rocky head is produced by the bursting of the globules of froth? 
the yeast at first thrown oflT not being sufificiently viscid to retain the accumulation of carbohic acid. 
At this stage, the head should fall some three or four inches, and the aroma should be very pungent 
and vinous. In the next and last stage, the head again rises, forming what is known ns the close 
yeasty bead,” ibis having the appearance of yeast all over the surface. If the fermentation bo a 
healthy one, the head will at this stage be covered witli small bubbles at the top, those constantly 
bursting, discharging their gas, and being replaced by now ones, This goes on until the beer is 
considered to be ready for cleansing or skimming, a proce ss which consists in removing the yeast 
from the surface. Different methods of conducting the eleansing will bo described later. The 
object of the operation is to prevent the imparting of a bitterness or yeast-bitter flavoinr to the 
beer, which might be the case if the beer wore allowed to remain in contact, at a temperature 
approaching 2H (70*^ F.), with yeast that had to some extent ^entered into putrefactive fermentation. 

During the progress of fermentation, the temperature of t!io liquid rises, the maximum heat being 
attained when the fermentation is at its highest point. Iii some instances, the rise of temperature 
is upwards of 14° (30° F.), but generally lower, and in the case of stock, and Rcotch ales, it is as 
low os 10° (16° F,). If the lieat is allowed to rise too high, the glutinous constituents of the 
beer arc not perfectly removed in the yeast, and as the gyle does not cleanse perfectly, an after 
fermentation ensues, technically termed the “fret.** On the other hand, too low a temperature 
causes Bluggi.sh fermentation, and, as a consequence, the boer is apt to gain a yeast-bitter flavour 
from being retained too long in contact with tlio yeast. To avoid these results, various contrivances 
are employed to keep tlic tompc rature at all times under control. 

In connection with the subject of fermentation, it is advisable to discuss briefly the determination 
of whnt are called “ original gravities,’* or the gravities of the worts from which any given samples 
of beer may have been made. According to Act of Parliament, 10th Victoria, cap. 5, a drawback of 
5m a barrel is granted on all beer exported, on condition tlmt the worts before fermentation wore 
not of less specific gravity than I'OSl. A brewer knows the strength of the wort from which 
the beer has been matte,* hilt it is necessary that the revenue oflicer also should have the moans 
of obtaining independently from a sample of the beer the same information, and this necessity has 
led to the close investigation of changes which take place during fermentation. For cacdi sample 
of beer there have to be determined the original gravity of the wort from which it wtis produced, 
the specific gravity of the beer itself, or, as it is sometimes called, the beer gravity ; the spirit 
indiration ; and the proportions of unfermentod solid matter, or extractive matter, held in solution 
by the boor. The specifio gravity of the beer can be detfjrmined by the hydrometer, while the 
extnict gravity, or the specific gravity, of the beer without its spirit, may bo obtained by par- 
tially (vaporatiug a given quantity of beer, to expel the alcohol, and making up the original bulk 
by the addition of water. By comparison of the specifio gravity of the beer With the extract 
giavity, an indication may be obtained of the quantity of alcoliol in the bcicr. This quantity may 
also be ascertained by distillation, by the refracting power of the beer on rays of light, or by 
observation of its boiling point, which lowers with increase of alcohol. It is possible, if tlic amount 
of alcohol in the beer is known, to roughly determine the original gravity of the wort by increasing 
the extract gravity by the amount due to the quantify oPstarch sugar which would have to be decom- 
posed during fermeutntion to produce the known qmmtity of alcohol. Original gravities thus deter- 
mined, however, are useless for practical pur{)Ose8, because the final or beer gravity is the result, not 
merely of the attenuation produced by the dt^composition of the saciiharino matter, but also of the 
changes effected in other constituents of the wort during the process of fermentation. 

In comparing the epecific gravities of various solutions of sugar, malt, and other ingredients* 
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Graham, Hofmann, andEedwood take af their standard <)f comparison the proportion of carbojf tiiat 
a given Bolution contains, and they have proved that the specific gravity of a solution, containing a 
given proportion of carbon will vary to some extent SM5co®ding to whether that carbon is present in 
the form of sugar, dextrine, or extractive matter. The annexed table shows the specific gravities 
of various solutions compared in this way : — 


SraciFio OriAviTiEs of vaiiious Solutions containing equal Quantities of Carbon. 


Carlx)!! In 
1000 pariB 
>>y W<‘ight 
of Solution. 

Fqnivftlont 
jwrtH of 

Sugar in luoo 
parts by 
Weight of 
Solution. 

Sftlutlon of 
Otine Sugar. 

Solution of 
Stiirch 
Sugar. 

Solution of 1 Solution of 
J’ale Malt. Brown Mult. 

1 

wSolution of 
Caramel. 

Solution of 
Dextrine. 

Solution of 
Extractive 
Substance. 

l6-f)3 

25 

loio-l 

1010-4 

1010-0 

1010-0 

1008-7 

1009-7 

1008 9 

21 '05 

70 

1020-2 

1020-8 

1020-3 

1020-2 

1017-3 

1019-3 

1017*8 

31*58 

75 

1030-2 

1031-3 

1030-0 

1030-0 

1020-2 

1028-8 

1026-5 

4M0 

100 

1040*0 

1042-0 

1041*2 

1041-2 

1034-9 

1038-3 

1035-5 

52^13 

125 

1051-0 

1053 '5 

1052-1 

1052-0 

1043-8 

1047-9 

1044-7 

ei:Md 

1.50 

1001-8 

1004 -0 

1003-0 

1002-9 

1052-8 

1057-3 

1053-9 

73' 96 

175 

1072-7 

1076-() 

1074-2 

1074-0 

J 0(12 -3 

1000-9 

1003-0 

8-1 *21 

200 

1083*8 

1087-8 

1085-5 

108.^) -5 

1071-8 

1070-0 

1072-7 

01 73 

225 

1005-2 

101)9-4 

1097*2 

1097-2 

1081*3 

1080-3 

1082-3 

105 *21; 

250 

1100-1 

llli-4 

1109-0 

1109-0 

1091-0 1 

1095-8 



It has been bIiiUhI that, when fernientatum occurs in a solution of cane sugar, there is at first a 
slight incrwisc of density, due to the trunsforniation of the cane sugar into starcli sugar, followed 
by nttomiation, due to the (brinolion of alcohol and the evolution of carbonic acid. In a wort con- 
taining cane sugar, a transformution of this into grape or starch sugar precedes the vinous fcrnionta- 
tion, and this change' occasions an inen use of gravity of marly in a solution of which tho 
original gi’avity is 1055. The rate at which the rise in gravity occurs varies according to the 
amount of yenst added to produce fermentation. A similar effect results wlicn the trails formatron 
of the cane into starch sugar is effected by the addition of acids instead of yiaist. Tho comparative 
densities of solutions of cane and starch sugar are given in the preceding table, and tho fact that 
they differ is important, for the original gravity of a fennentod litpior or beer must l->e different, 
according as it was derived from a wort of cam^ sugar or of siurch sugar. 8iuc(», in a small wort, the 
sacoharino matter is present in tht5 form of starch sugar, there is no iucionsc of density previous to 
formciiitation. 

With r» gurd to tho densities of solutions of pale and brown malt, it is interesting to observe that 
tho gravitie s of tho solutions of tho two malts agree very closely, and tliat they occupy a position 
intermediate ladween that of tho two sugars. That tho malt wort is of less density than a solution 
of starch sugar, containing tho same proportion of carbon, indicates that a portion of the carbon in 
the wort I'^ists in some other form than that of starch sugar ; for if the whole carbon of tho mail wort 
wcr(' jirescnt in tlm form of starch sug^ir, tho gravity of the wort sliould soinewlmt exceed that of fhe 
pure stareh sugar solution, sinct^ a small proportion of alkaline and earthy salts exists in tlic malt 
infusion, and mnst add to its gravity. Tho carbon present in the small quantity of albumen of tho 
mult could not alb ct tho result materially. The le.sser density of malt wort as eomj)ared with a 
solution of starch sugar containing an equal jiroportion of carbon is no doubt in part due to tlio 
presence in the former of certain projwtions of dextrine and caramel, snhstancf s wliich both pro- 
duce solutions ccmsiderably lighter tliun those of starch sugar contaiinng .similar amounts of carbon. 
Both dextrine and earanud ari’ forms of the sugar principle, and the presence of the former in a 
wort is duo to the incomplete saccharizaiiou of tho starch of the malt during the mashing process. 
TKo pn^souei' of caraimd, or burnt sugar, is no doubt due to the clianging of the starch sugar by hea\ 
during the proct‘ss kdii-drying the malt. It exists in larger quantities in highly dried malt than 
in tlie pab r kinds, whilst in tho case of the black malt used in jxvrterand stout brewing, almost tho 
whole ('f tho soluble portion appears to bo caramel. 

(rrahatn, Ib'fmann, and Ilodwcaxi also point out that a substance greatly resembling caramel is 
prothiwd during fi'rmentation, owing to the saccharin© matter of tho wort never being wholly 
converit d into carbonic acid and alcohol, oven under the most favourable circumstances. A portion 
of solid mullor always remains which is unfiTmeii table, even if the alcohol is distilled off and fresh 
yeast used, rids residuary has bocm termed gummy substance, but when obtained by the fermenta- 
tion of pure sugar it parUikes more of the character of caramel, or of glucic acid, particularly in the 
low gravity of its solution in water. Of pure sugar fermented, 4*4, 3-72, and 3*70 percent, was con- 
verted into this substance in three fermentations^ in which one and a half, three, and six measures of 
yeast w'ero employed to one hundred measures of solution, containing one-seventh of its weight of 
sugar. This extractive subshvnee may bo obtained in the fonn of a dark-brown syhip l)y evajx)- 
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rating^the liqiiid aftei* tbo oompleiioea of tbo Thia »yrup reddone litmus paper ; gives, 

like oaramel, a transparent blue solution, vritb ^pbate of copper and caustic potash in excess ; is not 
fermentable by yeast even after being boiled vrjHdji snlphurio acid, whilst it is precipitated by baryta 
water, and when treated with subacetate of lead gives a brown precipitale more voluminous and of 
a lighter colour than the precipitate produced by the same moan* from a solution of pure cammel. 
That it is a compound of two or more substances is proved by the fact that a portion of it is preftpi- 
tated by the addition of a solution of neutral acetate of lead. Solutions of this extractive substance 
have densities very closely agreeing with those of caramel containing similar quantities of carbon. 
The pre-'*enoe of this extractive subsl»inee, which ir produced during the fermentation of malt worts, 
as well as sugar worts, appears to exercise a greater influence tlian dextrine in giving to fermented 
worts au apparent attenuation without a corresponding production of alcohol, and the more nearly 
the worts are exhausted by fermentation, the greater is its effect. The indication by gravity of tho 
extractive substance is so much lower ibau that of starch sugar, tliftt the former substance onlj|j^di- 
eutes about flve-sixtlis of the saccharine principle that has given rise to it. Hence it is that original 
gravities cannot bo calculated on the assumption that the solid mrtter iu Ixior is sugar, or a sub- 
stance having the same gravity as sugar. In the maturing of beer by time, an increase of attenua- 
tion is observed, which is no doub duo to the slow continuation of the vinous foiinentatior^ with 
the disappearance of sugar and formation of alcohol; but there is some reason to believe that the 
attenuation is entirely duo to that cause. Part of the loss of gravity appears to be occdsionod 
by the change in c^mdition of the saccliariue j)rinoiplo, from that of starch sugar to that of tlio 
extractive substance, a change wliich involves a loss of specitic gravity without a oorrcspoiiding 
production of ulcoliol. 

During the process of fermentation of a malt wort, u change is produced iu tho proportion of 
albuminous matter; this proportion is diminished iu consequenco of tho formation of yeast, which 
causes a proportion of the albumen to assume nn insoluble form. In a wort made frorrt pale malt 
with hops, of the gravity of 1088, and contamiug 21 per cent, of solid matter, it was found that tho 
nitrogen amounted to 0*217 per coni., and might be eonsideriMl as ropri senting 3*13 per cent, of 
albumen ; wliilst after this wort had been fully iWfmented tho proportion of nitrogen was reduced 
to 0*134 p(;r cent, corresponding to 2*11 per cent, of albumen. Solutions containing 2*11 and 
3*43 per cent, respectively of egg-albumen, have been ascertained to have the sp. gr. 1003*1 
and 1004*2, tlu rofore the loss of albumen which took place during the fermontalion of the wort 
corresponded to a reduction of gravity frt»m that cause alone of 1°*]. In the same wort, tbo 
mineral constilncnis, consisting of soluble salts of tin; cartlis and alkalies, amounted to 0*443 per 
cent, before and 0*403 ]>er (‘ent. after fermentation, a variation of no j)rnctical imj)ortanco. 

The dotormination of what is t<Tmed the “sjurit indication docs not present great difficulty 
Graliam, Hofmann, and Jtedwood Jiavo ascertained that a knowledge of the extract gravity and 
spirit indication of beer is suflioieiit to enable the original gravity to be determined with certainty. 

The following tables wer«' compiled to enable tho original gravity of a beer to be. determined 
from ail observation of its H]»irit indication. These tables show tho number of degrees of gravity 
lost by an ordinary malt wort com^sponding to the different (legrtxjs of spirit indication, the lirst 
table being intended for use when this indication is obtained by tbo distillation process, and tho 
second when it is obtained by the more practical process of evaporation. When the distillation 
process is used, a convenient quantity of beer is carefully measuriid in a glass flask, and then placed 
iu a retort litlod with a tdhular condenser. 


Obioinal Guavities by the Distillation Pbockss.. 


Degrees of 
Sj)irit 
Jndiciitlon. 

•0 

•1 

•2 

•3 

•4 


•6 

■7 

0 

•9 

0 


•3 

•6 

•9 

1-2 

15 

1*8 

2*1 

2*4 

2*7 

1 

3*0 

8*3 

3*7 

4*1 

4*4 

4*8 

5*1 

5-5 

5*9 

0*2 

2 

6 *e 

70 

7*4 

7*8 

8*6 

8*.5 

90 

9*4 

9*8 

10*2 

3 

10*7 

11*1 

11*5 

12*0 

12*4 

12*9 

i:t -3 

i;i -8 

14*2 

14*7 

4 

15*1 

15*5 

10*0 

10*4 

10*8 

17*8 

17-7 

18*2 

18*0 

19*1 

5 

19-5 

19-9 

20-4 

20*9 

21 -.3 

21*8 

22*2 

22*7 

23*1 

23*0 

(i 

24*1 

24*0 

2.5 0 

25*5 

20*0 

20*4 

20*9 

27*4 

27*8 

28*3 

7 

28*8 

29*2 

29*7 

30*2 

30*4 

31*2 

31*7 

i 32*2 

32*7 

33*2 

8 

38*7 

84*3 

84*8 

35-4 


36*5 

87*0 

37*5 

38*0 

38*0 

9 

39*1 

39*7 

40*2 

40*7 

41*2 

41*7 

42*2 

42*7 

43*2 

43*7 

10 

44*2 

44*7 

45*1 

45*6 

40*0 

40*5 

I 47*0 

47*5 

48*0 

48*5 

11 

19*0 

49*0 

50*1 

50*6 

51 2 

51*7 

1 52*2 

, 52*7 

53*3 

53*8 

12 

54*3 

, 54*1 

55*4 

55*9 

56*4 

50*9 

57*4 

57*9 

58*4 

58*9 

13 

59*4 

60*0 

60*5 

61*1 

61*0 

62*2 

02*7 

03*3 

03*8 

04*8 

14 

15 

64*8 

70*5 

65*4 

65*9 

66*5 

67*1 

67*6 

08*2 

68*7 

09*3 

09*9 
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Difffcillation is carried on nntil the whole of the alcohol i» hronght over, the alcohol ^ing 
received in the flask in which the beer was originally measured. The alcohol collected is next 
made up to the original bulk of the beer by the addition of water, and the sp. gr. of the liquid is 
then carefully observed al^a temperature of 60° by the aid of the weighing bottle or a delicate 
hy drometer. 

• Original Gravities by the Evaporation Process. 


Tegrecs of 
Spirit 
Indication. 

•0 

• 

•1 

•2 

•3 

•4 

•6 

•6 

•7 

•8 

• *9 

0 


•3 

*7 

1*0 

1*4 

1*7 

2*1 

2*4 

2*8 

3*1 

1 

3*5 

3*8 

4*2 

4*6 

5*0 

5*4 

5*8 

6*2 

6*6 

7*0 

2 

7*4 

7*8 

8*2 

8*7 

9*1 

9*5 

9*9 

10*3 

10*7 

11*1 

8 

11*5 

11*9 

12*4 

12*8 

13*2 

13*6 

14*0 

14*4 

14*8 

15*3 

, 4 

L5*8 

10*2 

16*6 

17*0 

17*4 

17*9 

18*4 

18*8 

19*6 

19*8 

5 

20*3 

20*7 

21*2 

21*6 

22*1 

22 *,5 

23*0 

23*4 

23*9 

24-8 

6 

24*8 

2,5*2 

2.5*6 

26- 1 

26-6 

27*0 

27*5 

28*0 

28*5 

29*0 

% 

29*5 

30*0 

30*4 

30*9 

31*3 

31*8 

32*3 

32*8 

3:v3 

33*8 

8 

34*3 

31*9 

35*5 

30*0 

.36*6 

37*1 

37*7 

38*3 

38*8 

39*4 

y. 

40*0 

40*5 

41*0 

41*5 

42*0 

42.5 

43*0 

43*5 

44*0 

44*4 

10 

44*9 

45*4 

46*0 

46*5 

47*1 

47*0 

48*2 

48*7 

49*3 

49*8 

11 

50*3 

60*9 

51*4 

51*9 

52*5 

53*0 

,53*5 

54*0 

54*5 

55*0 

12 

65*6 

56-2 

a56*7 

,57 *,3 

67*8 

58*3 

58*9 

59*4 

59*9 

60*5 

13 

61*0 

61-6 

61*2 

62*7 

63*2 

63*8 

64*3 

64*9 

6.5*4 

06*1 

14 

66*5 

72*0 

67*0 

67*6 

68*1 

68*7 

69*2 

69*8 

70*4 

70*9 

71*4 


The number of degrees by which this speciflo gravity is less than that of water is the spirit 
indication. 

The spirit indication may bo more readily obininedby simply subtracting the beer gravity from 
the extract gravity, a method used by the German brewers. This is a more convenient method 
than the former, sinoo, to obtain the extract gravity, the beer has merely to bo evaporated in an 
open flask, without colleeiing the spirit, lu cases wliero the spirit iudicatioii has been determined 
by the latter method, tlie second of the foregoing tallies has to bo used to nscertain the original 
gravity. Thus, if the spirit indication is and the extract gravity 1044*7, the original gravity 
will have been 1044*7 -f 4d 108/^ *7, for is according to tliis table the loss of gravity corre- 
sponding to a spirit indication of 0^*0. It will be notic^ed that the tables do not exactly agree, for 
the spirit indication obtained from any given l)eor by the distillation process is always soniewliat 
greater than that obtained by the other process. The reason of this is that when alcohol is added 
to pure water, the dciiHity of the mixture is lower than that of the water. An addition of 8 per 
coni., by wiaglit, of alooliol, gives a mixture having a density of 986*7, which is a loss of gravity 
of i;f"*y ; hut 8 per cent, of alcohol in the same volume of water containiog 10 per cent, of cario 
sugar, occasions a loss of gravity of pnly 12'^*92, or a reduction fiom 1036°*47 to 1023^*65. Tho 
degrees of spirit indication obtained are tlierofore less from the same absolute quantity of spirit ^lii 
the sugar solution than in pure water. The sugar solution cmitaining alcohol rejiresents the beer, 
aud gives the loss of gravity whicli tlie beer sustains by evaporation. On the other hand, tlio first 
mixture of imro water and ahjoliol represents the dilute spirits obtained from the same beer by 
distillation. TJie results are : — 

Degrees of spirit indication 13 * 30 hy distillation. 

»» »» » 12*92 by evaporation. 

Diff’erenoo 0*38 

Thus tho addition of a certain proportion of alcohol leaves the specific gravity of the mixture a 
little higher when tho water contains sugar in solution. 

fermentation demainlsthe griuitost care of any stage in the brewing process. Errors in malting 
•or oven in mashing, may be rectified ; but a slight error in tho fermentation process is attended with 
very serious results. 

It was at one time the practice amongst thq Scotch brewers to employ fermenting rounds only, 
and to cleanse from those directly into the casks. The fermentation was completed in the rounds! 
Uiidor this system the process of fermentation required from on© to three weeks. The wort was usually 
at a low u-mporataro, 10" or ir (51^ or 52° F.). »nd no more yeast was used than strictly 
nMcssary ; if tbc quantity first introilncud failed to produce suflleiently active fermentation, tho 
oonlouW of the rounds were agitated twice daily, or a further quantity of yeast was added and 
well stirred m whilst the teru.entation was going on. The yeast formed waa no^ skimmed oft; 
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and tJi© fermentation irtfca allowed to proceed ^til the ale was reduced to about one-fourth of the 
originat gravity. The attenuation proceeded so slowly at the completion of fermentation as not to 
exceed half a pound a day. For some dayr proT^mis to the drawing off, the head of yeast was not 
disturbed, and it floated on the surface as the ale was di^wn off from belonr. 

This process^is now modified by the adoption of “ cleansing squares,” into which the ale is dis- 
charged from the fermenting rounds, when within two or three degrees of the required attenuation. 
In the cleansing squares, the ale deposits its yeast, and becomes cool and is fined. From the 
squares it is drawn off inio casks. Both the fermenting rounds and the cleansing squares are, in 
the best arrtmged breweries, fitted with attomperatorss for reducing the temperature^ of the ale. 
The amount of refrigerating power required in these attomperators is small, for tho fermenting 
rounds are almost al\va >3 of very moderate cap loity, seldom exceeding 40 barrels, and if larger, 
they are still shallow, and have large exposed surfac'o ; consequently a considerable loss of heat by 
radiation oc/curs. Tlie depth of tho alo in the tuns is seldom more than 4 feet ; tho wort is 
usually pitched at a temperature of from 11° to I t'* (52° to 57° F.). Tho fermentation ioil^be 
rounds generally occupies from four to six days, duritig wliioh time the temperature increases to 
21° or 22° (70° er 72° F.). The cleansing in the squares o^ ^'upies from 24 to fiO hours. 

In Yorkshire, and the iiorthedi and soutbox'n counties of Kngland, a system known us the stone 
or double-square sj^atem is very largely used. Fermentation is carried on in a sonjcwhut deep 
square, divided at tbe middle of it*-’ depth by a horizontaj partition in which is an opening,, Tlie 
worts are contained in the lower portion of the square, and tho upper division is used as a chamber, 
into which the yeast rises through tlie opening. Tlie beer is occasionally pumped from tlie lower 
olmmber of the square into the upp<‘r one, where it becomes mixed with tlie yeasl and again flows 
down into the lower compartment. The squares arc commonly of stone, and the double square 
in which the fermentation proceeds is enclosed in nnotber birger square, a space being left between 
tho two into which water can be admitted for rf'gulating the temperature. In the double square 
system, the beer is kept during fermentation ut a temperature of about 13° or M° (5t>° or 57° F.), 
and this temperature, w’hon the desiri'd attenuation has been reached, is reduced to about 53° 
by causing water to circulate through tho exterior chamber and through attemperating pipes 
immersed in the liquid. This temperature is maintained during cleansing. 

In the large poi tor breweries, the fermenting tuns are of very great capacity, in some instances 
1500 barrels. The usual capacity is between 200 and 700 bands. These tuns are almost always 
of wood. Timber employed in the construction of tuns sliould bo well seasoned, or the sap will 
mix with the wort and injuro it. The round tuns nri! made of staves held togethir by hoops like 
those of a cask, the botloms being supported by the bcjuns on which tlie tuns rcist. In the case of 
the square tuns, the planks are I'astened together by bolts, and the sides arc coniieeted by cross stays 
stiffened by external beams. Square tuns bavo the advantage tliat they can ho stowid with loss 
waste of room than round tuns; but tbe round fonu is the best for wooden tuns, and should always 
l>o adopted where space permits. Fermenting tuns re generally fitted with attomperators. A 
common plan is to carry tlicte pipes round tlie tun at a short distanc(.* from tho sides, and to suiijwrt 
them by brackets. Altemporators ar(* sometimoH fitted acro.Hs the tun, and wdion thus fitted an' very 
efficient, as tho cooled wort descends and gives the warmer eurrents frto access to tlio pipos. 
Before the plan of fitting the tuns with attemperating pipes .came into use, llie somewhat clumsy 
elpedicnt of immersing in the wort casks filled witli hot or cold water was employed for tho 
puipu.se of accelerating or retarding the fermentation. The casks so used were termed “nurses,” 
and are still used in some breweries. 

At Keid’s brewery, the tuns, instead of being open at tho top, are completely closed, with 
the exception of a small opening left for sampling; tho carbonic acid gas evolved during fer- 
mentation is led off by descending pipes into a reservoir, where, it is storeil. From this reservoir 
it is drawn off ut intervals into indiarubber bags, whence it is BUiiplicd to the Aerated Broad 
Company for tbe ninnufacture of bread on Dr. Daiiglish’s system. 

At some of tbe Ijondon breweries, hirge quantities of ice are usi'd in summer time to lower tbe 
temperature during fermentation, as well as for preserving the yeast. In the case of the fermeiding 
wort, the ice is used both to cool the air of tbe tun room and also tho wort ittelf ; in the latter case 
being commonly immersed in the wort, which is made of greater strength in order to allow for tho 
reduction of gravity caused by the adinixturc of the melted ice. 

Where largo quantities of wort are collected in the fermenting tun it would be more or less diffi- 
cult to oorapleto the fermentation satisfactorily in those ve.MS<d8 ; and it is thi reforo tho practice, 
amongst London brewers, after the fermentation ha# pr 9 Ceeded to a certain extent, to divide out the 
beer from the large tuns into a number of pontoons or cleansing rounds, having a cnpacity of about 
five to twelve barrels each. Stout, for instance, having an original gravity of, say, 32 Ib, a barrel, 
is usually pitched at a temperature of 13° or 14° (56° or 57° F.), the quantity of yeust added being 
about 1| lb. a barrel. The attenuation is allowed to go on in the fermenting tuns until the gravity 
is reduced one-half. The beer is then divided out into tho cleansing rounds, where the fermenta- 
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XicmiA completed, the fine! grayity being for ordinary London trade 9 lb. or 10 lb. a barrel. With 
porter, the original gravity ia usually from 20 lb. to 22 lb. a barrel, and the fermentotioif is con- 
tinued until the gravity is reduced to about one-third ; the quantity of yeast added is only about 
1 lb. a barrel. i ^ 

Cleansing rounds, squares, or pontoons, are covered vessels, each furnished at its upper side with 
ai^ opening through which the yeast formed by the fermentation of the contained beer can escape. 
The rounds are completely filled with beer, and as there is a certain loss of liquid during the pro- 
gress of the cleansing, they have from time to time to be filled up, in order that the proper level 
may bo maintained. The refilling is termed topping up, and it is performed sometimes by an 
arrangement of ball-cock or similar self-acting valvo, and sometimes by hand. The supply of beer 
necessary for maintaining the level in tho jKjntoons is drawn from rounds placed at a higher level, 
and termed topping-up rounds, and filled with a well-fermonted beer. The division of the beer 
amongst a number of small vessels greatly checks fermentation, and unless care is taken to push it 
sufi^iently iar in the fermenting tun, there is probability of the process being incomplete, and of 
the beer consofiuontly remaining too sweet. The rounds being completely filled with beer, the 
yeast formed riscis through the openings in tlio heads, and is conducted by spouts to troughs or 
backj in which it is collected. By this procoas the beer is gradually freed from the particles of 
yenst and glutinous matter held in suspension, which if not removed would keep the l>oer turbid* 
It seCi^is y>robablc tluit the composition of the water used in brewing affects to some extent the 
process of cleansing, lor when the water contains a considerahlo proportion of compounds of lime, a 
double decomyK)8ition is std up with the salts present in the malt, and consequently in the wort, with 
the result of the formal ion of a lime salt, whicli is proeipitatod, and carries down impurities with it. 

Clftansiug rounds were formerly miido of w(»od, a common arrangement being that of casks 
placed on end iti groups of four, with sjwutH leading from openings in the upper beads of the casks 
to a vertical spout carried down through the space in the centre of the group. From these rounds 
the beer is pumped through an attomperator or refrigerator to a settling tank, and thence into tho 
vats. Cleansing squares constructed of slate are now largely used at the principal breweries. 
Hlate appc'ars to he the best material for the construction of cleansing squares, or for tanks for hold- 
ing cold beer. Tho slates forming the divisions l)Ctweon the squares are best so connected that no 
inotal is exposed inside. The squares should be arranged in groups, and the slabs forming the 
divisions between the squares jointed to that forming the front of tlie group. The holts securing 
the front slab may bo screwed into nuts sunk in tho division slabs, tho hole containing the nut 
b<ung filled in with putty. In some eases the slabs of slate squares are conneeb d by angle-pieces, 
the heads and nuts of tho bolts being tinned. The 8(inaro.s may l>c arianged in a series of double 
rows, having spaces between, into which the yeast is discharged. The lips, or short spouts by 
which tho yeast issuing from the openings in the tops of the cleansing squares is disehargcil into 
the yenst triiiighs, may ho of eoj)[icr tinned, of tinned wrought iron, of wrought iron enamelled, or 
of cast iron painted and varnished. An objection has been raised to the employment of slate for 
cleansing squares, that it is a too good eouductor of heat, and that the beer is subject to con- 
sidiuuhie utinosjtherio variations of ten»j»eiature ; but this objection has no practical value. 

'J lie fermentation of porter and stout at the liOiulon hreweiies is generally completed in 
cleansing rounds, but in some cases it is commenced and finished in squares holding from 170 to 
ll2t) barrels ; these squares are usually fitttHl with atUunperators and with pamchuteB into which 
the yeust is skimmed. At the City ol’liondon Bii wery, the fermentation of ymrler is commenced in 
tuns holding COO iMirrels, ami completed in cleansing rounds having a capacity of fij barrels each, 
or in hogslieads arranged m a similar manner to the Burton unions. 

For ale, it is usual to emplny much smnlhT fermiuiting tuns than for porter, and frequently tho 
formentaiion is complote<l in thesi' tuns. Tho tuns are sometimes fitU*d with small pamchutes, by 
W'hich the yiast can l>c removt'd and the fermentation checked. At Charrington’s, the ale, 
after casking, is allowed to cleanse further, tho casks being arranged on stillions or gutters, by 
which tho yenst is received. Tho casks are filled up by liand. At Hoare’s, tho fermentation 
of thi^ pah' lib s is eomideled in union casks, on the Burton system. At the City of London 
Brewery, the tormentution of ales is, in some instances, commenced in tuns of 140 barrels, and is 
conqdeted in eleuusing casks. At this brow'cry aro copper fermenting tuns capable of holding 
40 barrels each ; llicso tuns consisting of a copper vt ssel enclosed in an outer casing containing 
water. In these tuns tlu' tormentution is commenced and completed, tho temperature being regu- 
hiti'd by wat('r oironlnting bet ween the tuns and their casing. 

The paraohutt* consists of a kind of a coppev funnel, having a stem which extends through the 
bottom ol the tun. This stem is provided with a tclosoopic joint. By a lifting arrangement, tho 
height ot th(' parachute cun be adjusted, so that its lip is slightly above the level of the beer in 
tlie tun ; tho yeast formed flows over into the parachute and down through the tubular stems, 
tho clenusing j>r<iet'ed8 in tho same manner as in the cl«»iUHiug rounds. As the cleansing proceeds, 
there is a eertuin loss ot liquid from the tun, and tho pameluito has to bo lowored from time to 
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time to maintain ita levei Faianbiates are aametimes balanced to float on the surface of the *b6er, 
and descend antainatioally. Usually, the te^ of the parachute has only a small area in proportion 
to the surface exposed by the beer, and tht yeast is then skimmed iuto it. When fitted to ferment- 
ing squares, parac’hutes are sometimes made roctangula/, and placed so t^at they extend across tho 
squares. By the aid of parachutes tho yeast can be removed from the tuns in a much more cleanly 
and convenieut manner tlian i)y skimming. ^ 

Another method of conducting fermentation is that known as the Burton union system.” In 
1838, P. Walker, of Warrington, invented the method of cleansing beers, this method having for its 
object th«i sujH^rseding of the neoosaity which then 307 . 

existed for supplying 6y power or hand labour 
the place of tlie liquoi discharged during fer- 
mentation, to keep the casks full ; and to prevent 
the yeasty head from being broken in upon ti e 
wort. According to his plan, itidopeudent passiiges 
were afforded for the flowing off of the yeast, and 
for the downwaM current of liquor, by which the 
cask or vessel was tilled up. Atic'.hcr advaniago 
Wiis that tho liquor for iilliiig up could be intro- 
duced at the lower part el' the cask, the ymsty 
head being left unbroken, and the attenuiition 
allowed to go on in a rc^giilar and uniform manner. 

Fig. 307 is a transverse section of such an 
apparatus applied to casks ; a is a conical tube 
inserted in the buughole of a cask ; from tho upper 
part of this tube thoro rises tho tube l>, tcrinod 
the yeast tube, so that tho yoast as it vises n»uy 
be delivered into the trough c. A tube d de- 
scends through tho conical piece a, nearly to the 
bottom of the cask, and tliis tube is at its upper 
end connected with a branch pipe which coniuiu- 
nioates with the trougli at the bottom. Tliese 
tubes are the filling tubes, and by tliom the casks 
are filled and are kept supplied with liquor from 
the trongli c, to compensate the loss of that thrown oft' during formeutation. The joint-idooo by 
which the branch pipe is coiiiK'ctcd to the trough, is con^tructod with a plug like an ordinary cock, 
so that when the biaucli pipe? is disconnected it can be turned downwards, and tho flow of liquor 
sbut olf. 

The trough, which may bo of any length required, is hero sliown suspended, whilst the casks 
are arranged on each Side on sunk stillions. The malt liquor, in a suftieieutly advanced state 
of fcrinentntion, is run into the trough, from wliich it flows into tho casks through the filling 
pipes, enough liquor being supplied to till the casks, and to leave a certain quantity at the bottom 
of the trough. The litjuor th\i8 left, together with that >\Juch is ciirried oft* with tho yeast and 
wliich subsides in the trough, serves to make up tho loss during elcansiug. The yeast, as alri'ady 
slated, rises up through the tubes 6, and flows into the trough c, and tho f(?rmentation and cleansirig 
thus go on witliout attention until the completion of th(? operation, which is indicated by tho ywist 
no longer flowing from the tubes. 

Tljo system of fermentation followed at Burton sranowliat resembles both the Scotch and tlio 
Ijondon systems, but differs from both. In the Burton syslcm, as in tho Scotch, the fermenting 
tuns are of nifiderate size, from 20 to 100 barrels; instead of the fermentation Injing essentially a 
slow one, tho wort is stimulnkd with large quantities of yoast, and tlio same result brought about 
as is caused by the grest bulk of beer fcrmeute<l in a single tun at the t/^mlou breweries. The 
Burtfui, hke tho IiOn<ifm brewer, after the ferrneiitation has proceeded for a certain time, finds it 
desirable to divide out the beer, the usual course being to distribute it amongst tho requisite 
number of union casks, in which the cleansing takes place. On tho Burton system, the wort is 
j)itched at a low temperature, say about 13^ or I'U (55^^ to 57'^ F.), and receives a liberal 
allowance of yojist, of 4 lb. to 5 lb. or even more a barrel. For the best ales the original gravity 
of the wort is about 22 lb. or 23 lb. a barrel, and the attenuation is allowed to proceed until 
the gravity is reduced to 4 Ib. or 5 lb. No yeast iarerpoved from tho ale whilst in the fermenting 
tuns, the cleansing being performed entirely in the union casks : in these the ale remains 
about a week before l>€iing discharged into the settling tanks. The fermenting tuns at the Burton 
breweries are in all cases of wood, and are fitted with attemperato^. The tuns os a nde contain a 
gre<iter depth of wort than thosensed in the Kcotch breweries. At a number of tho establishments 
at Burton, oj)cn wooden troughs are employed instead of pipes to distribute the wort to tho 
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fermenting tuns. At Bass’s, the fermenting squares are disposed in double rows, down each of 
which a pipe is led ; and from these pipes the squares are ®Ued by the aid of open wooden tlbughs* 
At the Burton l»rewory, the fermenting rounds of a Worldng capacity of 40 barrels are placed in 
groups of eight, and are ^led from movable wooden troughs, which receive the wort from a main 
trough situated round the walls of the tun room. Each moyable trough extends across four tuns, 
and these are filial simultaneously through holes in the bottom of the trough ; the holes are fitted 
wifti plugs so that the wort can be shut off from any tun. Similar open troughs slung from the 
ceiling are also us^d at many of the Burton breweries to distribute the feimented wort from the tuns 
to the troughs of the union casks. The advantages of open wooden troughs as a means of dis- 
tributing the wort, are, that they are loss in first cost than pipes, and may be kept thoroughly clean. 
They are, however, cumbrous, and are only applicable when the wort is supplied from higher level 
than the tuns. Union ciisks liave generally a capacity of four barrels, and instead of being placed 
on the ground, as previously described, are slung on axles resting in bearings carried by a strong 
wooden frame. Usually the casks are disposed in double rows, each frame supporting from twelve 
to twenty casks. Abo\o the casks is placed the yeast trough. When the casks are thus 
mounted, the method of employment is as follows: — The ale to be cleansed is pumped, or run, 
into the yoost trough above the casks, and the plugs which close the pipes leading from the 
bottoA of this trough l>eing removed, the liquor runs down into the casks. When these are filled, 
the plugs are inserted, an<i the swan necks arc thus left as the sole vents through which the yeast 
can escape. 

f 'I'be yeast troughs belonging to the union casks are in almost all instances fitted with attem- 
perating pipes. The attom})orttting pipes of yeast troughs are sometimes so fitted, that by means 
of cords passing over pulleys fixed to the ceiling, they caa bo lifted up clear of the troughs, when 
the latter have to be cleaned. The union casks also are fitted v^itb attomporators. A good 
arrangement consists of a hollow brass plug screwed into a suitable mounting on the top of the 
cask, til is plug having two nozzles, which rospoetively communicate each with one of the tinned 
copper pipes extending from the plug into the cask. Tlieso pipes are connected at their inner 
ends, and a current of water can bo made to enter at one nozzle, flow through the corresponding 
pipe, and return by the other pipe to b(‘ discharged by the second nozzle. The nozzles are 
roH[)ectively ooimocted by fiexibhi tubing to coid water and return pipes led along the sides of the 
yeast trough. These iittemperatoi s can bo reatlily rt inovc d, and the holes through which they 
were inserted being closed by plugs, the cask caa be rotated for clcuiivsiag in the usual way. 

To reduce the labour incidental to the disconnection of the casks lor cleaning, tlie plan of filling 
and feeding each cask througli one of its axles has been introduced. At one end of each cask, the 
axle or trunnions, cast in one piece with the cast-iron cross fixed to the head, is hollow, and is 
fitted with a brass bush secured by a nut. At the inner end, the hiiish or tube is made conical, so 
that it fit.s tiglitly into tJie hole in the head of the cask, whilst, at tlio otlier end, it has a spherical 
bearing formed on it, xshieh fits into a corresponding seat at the end of the branch pipe from wliich 
the cask is filled. Udie spherical bearing unci its scat are bold in close contatit by bolts, the nuts of 
whicli ex(‘rt their pressure through spiral springs. By this means a joint is obtained, that, although 
perfectly tight, dot's not interfere with the rotation of the cask. The main pipe running along each 
range of union cask.s, communicating J)oth with the fecid reservoir and with the fermenting tuns, is 
furnisheii with cocks, by which the NU])ply from either source can be regulated. Each branch pipe 
is also furnished with a cock for regulating the 8Up})ly to the particular cask to which it belongs, 
and each brant^h is also formed for a portion of its length of flexible tubing to enable the lower end 
to be readily disconnected. For turning tiic casks, spur wheels and crardi handles arc provid(!d. 

I'ho “ Unterg'ahruiig,’’ or system of bottom fermi ntation followed by the Bavarian brewers, diifers 
materially from any adopted in tiiis country. The object of the Bavarian process is to completely 
clear the wort of gluten, and, by removing the oxidizuble matters, render the beer incapable of 
iK'ing soured by oven a prolc.ngcd exjMwure to the atmosphere. To efiect the separation of the 
gluten, the Bavarian brewers, instoail of adding ordinary yeast to the wo-rt, mix it with the peculiar 
kind of deposited yeast Uirmed unterhofe.” The fermentation is effected in comparatively 
shallow backs or squares, jdaced in cool cellars, whore the atmospheric temperature is not allowed 
to exceed 8'' to 10' (40'^ to ,'>0'^ F,), The process requires three or four weeks, the carbonic acid 
gas bi'ing disengaged in very minute bubbles, that carry up a mere film of froth. The insoluble 
gluten or yonat is tlepositod at tho bottom of the formoiiting vessels as a viscid sediment, tlio 
uutorhofo. This deposited yeast is gluten oxidized in a state of creniacaitsiny or slow combustion, 
whilst tho ordinary surface yeast is gluhm^oxidized in a state of putrefaction, and the former, 
when added to w(»rt at a low temperature, is incapable of causing the direct oxidation of the gluten 
dissolved in tlio wort, although it {wssessc's tho jwworof causing the transformation, of the saccharino 
matter into alcohol and carl>oiik* acid. In the Bavarian process, the oxidation of the gluten has 
to be efieeiod by the action cu the atmosphere, and tho largo «Lrea exposed by the fermenting 
vessels, together with the freedom of tho surface of the beer from wiy protecting or of yeast, 



S£1MR« 


411 


giv6B for this aotbn. It might be supposed that the atixiospherio aotion 

wbioh causes the Bawian beer to deposit Its gli^en would also iuduce an acetic fermentation in 
the wort. Such an occurrence is prevented by the lf>w temperature maintained in the fermenting 
rooms, a temperature below that at which acetic fermentation of alcohol wH take place. 

The unterhefe employed by the Bavarian brewers may, by some expenditure of time and trouble, 
be prepared from ordinary yeast If some of the latter be added to wort at the low temperature 
8® to 10®, and a slow fermentation allowed to take plB<'e, the yeast will l)e partly deposited and 
partly carried up to the surface. If this deposited yeast be collected to produce another fermenta- 
tion, this will result in the deposition of a bottom yeast still more resembling unterhefe ; and by 
repeating these o{>erations, unterhefe is at length obtained. 

It is in very many instances dosirable tiiat a similar arratigcment should be provided, in other 
countries than Bavaria; for during the summer mouths iho high atniospliorio tompemtnre pre- 
vents, to a great extent, successful brewing of tho best kinds of malt liquor, and loss of time is 
occasioned to tho brewer. With a view of affording a more perfect control over the process of 
mentation, Barclay Walker, of Warrmgton, designed an atmosphei’c tun-room attemporator.^t 
consists of a lan, by the aid of which a 8uj>ply of air is foroeo lo traverse a number of flattened tubes 
immersed in cold water, or surroundc 4 by ice or a freezing mixture ; tho air, after being thus coaled, 
ia led off by pipes extending over the range of tuns in the tun room. From the pipes, branches are 
led down into tho tuns, these branches being furnished at their lower ends with perforated ^osos, 
which distribute tho cold air a short distance above the surface of the wort. Each branch is fur- 
nished with a slide, so that the supply of air to each tun can be regulated. By this arrangement, 
tho temperature of tho air above tho surface of tho fermenting wort can bo kept at that point 
which produces the best results, and a command over tho process is given which cannot be obtained 
under ordinary oircumsiani*es. 

Where yeast cannot bo got by exchange, it may bo originated from a mixture consisting of 
14 lb. of grate<l potatoes, a similar quantity of molasses, coarse sugar, or honey, mixed with 
8 gallons of water at a temperature of 21® to 24® (70® to 75® F.). This mixture should be sot in 
a warm plaex) until it fermiuits, and tlien mixed into three times its quantity of fresh first wort from 
the mash tun. TJiis yeast is often made by distillers, and is known under the term of “ bub.’^ 
When the brewer is compelled to use bub, be ought to employ it on a small brew, to raise barm for 
future brews. The quantity proposed will ferment 40 or 50 })arrel8. 

It may be here recapitulated that in the best practice good brewing depends upon careful malt- 
ing, so as to have tho malt always in the same condition of freely yielding tlie extract required from 
it. Careful curing of tho malt on tho kiln at the time of drying, and storing it in suitable 
backs, so as to retain the properties a(‘qiiired in the kiln. To keep those backs of a size that when 
opened will allow of their cuntentH being used, before tiie malt loses its curing, or sufters the slightest 
decomposition ; the only alternative h<dng to re-curo the malt so that it may bo sound when it cornea 
to the mash tun. In mashing, to wot the malt first into a thi(*k mash within the point of tho 
ultimate temperature, so far as to allow the variatious in the heat of the malt under use to exfiend 
itself within tho given ultimate Uanporaturo, and thus- prevent the setting of tho mashes, and tho 
passing to tho fermenting tun of pasty, unconverted materials that may afterwards decomi) 08 e in 
tl^ beer. This wetting process should produce a homogeneous temperature of C5® (150® F.), and 
immediately after this wetting hotfrjr water should bo turned on, and the mashing rakes started to 
bring tho temperature to 69® (156® F.). 

The mash, after standing one hour and three-quarters, should have the sparge iomporaturo 
regulated, to keep the goods at tJO® for two and a half to three hours from the time of 8<itting the 
tap ; and if the goods are not extracted by this time, tho water must be lowered in temperature 
10® or 14® (20® or 30° F.) or more, if necessary, to bring the goods in the tun to 65® by tho time 
the extraction is complete. In mashing, time and tempemture may bo considered nearly synony- 
mous terms ; preponderance of heat should be compensated by reduction of tho time during 
wljich the goods are exposed. In sparging, if the goods heat rises to 70® (158® F.), or even 71®, 
the sparge-water temperature should bo lowered for the first half hour, or for a whole hour, sooner 
than the three hours given as a standard period of high heat exposuio, so that the goods will 
have been brought to 65° at the end of tho process. If second mash and a spurge bo the method 
followed, the second mash heat may be 69®, like the first, but tho s{)arging to follow ought to lower 
the mash apparatus gradually to 65° at the end of tho mash ; and if a third or fourth mashing 
must be taken, neither ought to make the goods over 6.5®. 

Vatting and Fining , — It was formerly the practice oft the London brewers to keep immense stocks 
of their porter in store for eighteen mouths or two years. The store vats, some of which wore of 
enormous size, were made of well-seasoned oak strongly hooped, and their heads were covered with 
sand, so as to exclude the air as much as possible. At the present time, the practice of vatting 
beer for long periods is not followed. 

At numerous breweries, it is the practice to pump or run the beer from the cleansing rounds to 
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ftotlling tanks or racking squares, and after allowing it to deposit any floating matters, to^aw it 
off direct into casks. In oasking pale ale, from i lb. to Xit lb. of fresh choice hops a barrel is added ; 
these hops materially assist in keeping the ale; and also impart to it a fine aroma. Stock ales also 
receive about 1 lb. of hops a barrel when cashed. The pale ale should be kept in cask at least six 
months before being consumed, and if well brewed it may be hept from twice to three times that 
pqj’iod with advantage. London porter now seldom remains in a vat more than a month, and as a 
rule it is stored only for a day or two. The change effi'Cted in beer by storing it in close vessels 
fippears to bo duo to an insensible fermentation, which goes on for a considerablo time, resulting in 
the impregnation of the liquor with carlxuiic acid gas. Uro considers that the quality of the beer 
never remains stationary when in tho store vats, and that from the moment it ceases to improve 
it begins to deteriorate by acetic ronnontation. 

To clarify hoer, linings, made usually from isinglass, are frequently employed, Finings are 
prepared by jdiuung tho isinglass, or other materials, such as sole skins or sounds of cod-fish, in a 
vesi^l, and covering it to a depth of 5 or G inches with vinegar, or sour old beer. When the isinglass 
haUbftened and swollen up, so as to absorb this liquor, a further supply of sour beer is added, and 
tlie mixture well stirred up, the juoccsh being re])eated until the whole becomes of a uniform 
consisteiu^y. In some breweries this pulpy liquid is mixed with weak bright beer, and strained 
through a hair sieve ; whilst in other cases it is thinned with tlio bright beer, and then allowed to 
becom^i clear by depositirjg the insoluble matters in settling tanks. The final gravity of the 
finings sVajiihl bo al)out I • 025. 

In using finings, they should be first mixed with a large hulk of the beer to ho clarified, and after 
agitation the mixture should he poured into the main l)ody, and wdl stirred in. After this tho 
beer should 1x3 allowed to slaud ahoul twenty -four hours, when the impurities will be deposited, 
lire considers that Die clarifying action of isinglass is due to tho tannin of the hojis combiuiug with 
tho fluid gelatines, and forming a llocculeiit mass whicli euvedops tho muddy particles of tho beer 
and caTri(!H thorn to the bottom as it falls. 

IsinghiMH varies considerably in vulms and it is important that brewers should have a ready 
moans of judging of its quality, ddie Ix'st isinglass consists almost entirely of gelatine, and does 
not conhiin more tiian 2 per cent, of substances insoluble in water. One method of testing 
isinghias consists in placing a known ((uantity of it in wah*r, boiling and weighing the insoluble 
matters that may be separated by straining tlio solution. Another h'st consists in stee})ing the isin- 
glass in Hpiiits of wini*, in which gelatine is insoluhle, and then luhling a few drops of tincture of 
galls. If a deposit is formed, it slwAvsthe existemeeof impurities; whilst if the liquid remains clear, 
there is a strong presunqition tluit the isinglass is of g()o<l qnalily. A practical and simple method 
of Pasting the value of isinglass or of other nmhaials used in the manuiaeture of linings coiihists in 
dissolving a givmi wiaght of the isinglass to ho tebtod in a fixed (piantity of sour boor, and thou 
])ouring the solution into a funiud, Iho neck or spout of which is carefully bored out to a known 
diaimdiT of about inch. 'I’he solution is allowed to flow from the funmd into a grarluated glass 
im asure for a period of time ineasiiied ])y a sandglass, and ilie quantity of solution which has nm 
llirongh in tliis time indicates the (|nality of iho isinghiss. Idie higher tho quality, the thicker will 
Ix' ilic solution, and the more slowly it will flow from tlio funnel. 

(tniham remarks on the general piMcess of browing, that the simplest arrangement is to carry orit 
tho fermentation through its first Htng(‘8 in tlie fermentation square or round, and afterwards to 
complete the Hi'coudnry fermentation in settling squaros This method is less wasteful ami is v(;ry 
t'lVudi nt. Hut in currying out such a process exm3iling care must b(3 taken that in the settling 
square ilm beer should be covered with a layer of carlxmic acid, or in other words the gyle must bo 
run (df into the settling square before it is become dead. Oralmin further remarks that a rapid pro- 
cess is not always attendeil with eqimlly excel bait results, and those sjiccially engaged in preparing 
Hb»re ales must bear in mind that it is ipiite impossible for them by any rapid driving proci'ss to 
produce uu ale of tlio bighesL exeellence in a short sjiaoe of time. With proper treatment of store 
ales, it cKvasionally happens that they become sour, and in such cases it is necessary to employ 
mahiriuls that cemtuin quick lime or otluT acul-noutraliziug agent. 

Ill lH>ttling ales, it may 1x3 necessary for tho bottler to carry on tho German system of slow feed- 
ing, ami as it is illegal to muploy sugar for the purjiose, tho brewer should be called upon to supply 
a few barrels of wort excossivtdy rich in sugar, and inintuining but little of the malt extract. This 
wort ought to 1x3 very highly charg<-<l with bisulphite of liim'. When tlie store (msk is fed with a 
little of this wort, a small tiumitity of bisulphite introduced into each barrel will do gocxl rather 
than harm, and ih(3re is thus tho advantage xif Alowly feeding the store cask and not in any w’ay 
running counter to the ( xciso laws. 

If bet'r containing yeast cells is heati'd to a tempeniture of 50"' to 60" (120" to 140° F.), the yeast 
cells are killed. Graham proposes a i>r(»ooHs l>aseil upon this discovery of Paatour’s. The beer 
should Ih) run from the store cask and corked with a parafiined cork, that is with a cork saturated 
wiili iHUfaffin wax, by which the loss that occurs from the oork giving insnffloiont protection against 
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pressure is avowed. The next f^noess is to destroy the lement in the ale itself, because howevei' 
; bright t^ie ale may be, there are always floating on it minnte yeast cells. If the ale were placed in a 
• bottle and heated to a sufficient temperature to destroy those yeast cells, ale that did not contain 
sufficient carbonic acid would be unpleasant to drink because it would not eiervesoe. It is necessary 
therefore for the bottler to charge each bottle with carbonic acid ; and this may be done by merely 
allowing the bottles to remain until tliore is produced in the ale enough carbonic acid by subsequesit 
fermentation — a process occupying two or three weeks. When the ale has thus obtained sufficient 
carbonic acid, it must be heaU‘d to about 60®. But if the bottler be pressed for time, and the ale 
is very flat and is reqnhed for immediate :jxi)ort, .cari,*onic acid may be forced into th^ ale by an 
ordinary carbonic acid uoparutus, and the bottles afterwards heated. In heating Burton alo 
up to 60®, there is a lessening of tho amount of iiezim^ss due to albuminous matter, and with 
Edinburgh ale tliore is a\ery distinct improvement in the brilliancy. In tho publio-liouse and 
restaurant, beer is sometimetj fed with molusses or is rendered sparkling by the use of carbonic acid 
apparatus. 

The racking of beer is an operation nearly ohsohde in England and Scotland, and, vSfen 
followed, is employed only from the necessity of supplying biuall purchasers. As a rule, racked 
beer becomes stale and unpalatable b.^fore the barrels are emptied. But any attomjit to deal # 7 ith 
porter without rucking wouid prove a failuro, as its lees arc V Ty bitter and nauseous. The turning 
over of theso lues when the casks are moved to be sent out is certain to impair the fiavouw To 
produce the head, which is an essential feature of draught jiorter, as without it tho beer is unpalat- 
able, the porter is mixed, previously to being sent to tho consumer, with new unfermented wort, 
and tho mixing is most conveniently effected on tne racking system. The mixing material has 
technically the name of llllings, and is wort taken from tlie cooler at the same time that the fer- 
menting vat is filled. Tins wort is put into open-ende<l punelu'ona, and lightly banned with a 
quart of yeast a puncheon, to prevent spontaneous fermentation until required for use. The pun- 
cheon first required for use is given extra barm in the quantily of about half a gallon, and all tho 
puncheons, in tlieir successive order of use, are given ns imieh additional yeast on the night before 
they arf' required as will make tliom ready for tho next day’s use. If tho fillings vessels are in 
underground collars, their temperature will not need raising aitificially, but in winter, if exposed, 
the temperature of small quantities wdll liecomo too low to form a head without pan-beating to 
18® or 19® (6i® or 66® F.), In Ireland, whore a brisk porter is in demand, small service vats are 
filled ill tho night witli proper proportions of new and old porters, ready for tlie* next day’s demands. 
A similar proctxlure is followed by the London retailers. Fillings are used principally for draught 
porter, and the allowance ranges from 10 to ,20 per cent., as the stock is new or old. Tiie best 
ilraught porter in obtained from matured, well-attenuated old porter, mixed witli 15 to 20 per cent, 
of rich iiufornionted raw woit or fillings. 

Collaring in Euglnncl, as compar(;d with Continental >riug, has a disadvantage in tlui want of 
icc ; and the ice machine, the substitute for ice, ought to bo in oveiy brewi^ry, so as to afford tho 
brewer the means of icadily lowering the temperature to a point of eomjiarativo safety. Joe itself 
is not u necessity ; watv;r at 4® (40'' F.) is fully effective, and not very costly to jirodnco. It would bo 
advantag(>ous to employ some special means of cooling transit casks before tliey are sent out in the 

weather, as their contents, liowcver good before leaving the brewery, often refuse fo fine, and 
even if they do tine, become tart. 

Beers for use at the end of tlie season should be de]) 08 ite<l in tlie cellars of tlio publican in tho 
spring, before tlie frost lias left the atmoHjdiere. Such heer ouglit to be set apart, and the beers 
required up to the commeueement of August tukeu in tho meantime from the brew’ cry. Beer 
deposited in a cool state in a cool cellar with the puhlicun, and not disturbed, has the advnntiom 
over that coming direct from the brewer’s cellar, that it is not remixed with its yeast deposits, and 
then heated by the summer’s sun. All beers ought to go out to tho consumer when cleansed, and 
bo used in tho first fining down, for once fined in tho brewery, and turned over in summer 
and heated in transit, it is improbable that beer will fine again liefore acetification sets in! 
Brewers on tliis acxxuint should not sot up store in spring or summer, after tho hot weather has 
commenced, but the brewing should stop on the first apjiearance of heat. It is very bad policy to 
brew in May or June the stock of bf'Or to go out in August or September, with risk of souring, when 
beers can l>e brewed as well at the end of summer as at the beginning, if the malt is in order. A 
good brewer will clear out his stock in July or August. It is advisabh^ in oellaririg to send out 
the best beers first, as in waiting to get rid of inferior beers both may be lost. 

Export beers are made of gravities from 0 ■ 40 upwards, rising in stages of 0 • 5 to 0 * 115. Exports 
so low os of 0*40 are very rare, and the principal articb^ of so low a gravity is a light porter for storing 
in the West Indies and in Nova Scotia. Its specific gravity is generally 0*47, and it is made of a 
well-drie<l malt, one half pale the other half amber and black, and hopped with 12 lb. of good 
Bavarian or American, double boiled. It is sent out in hogsheads from London, Edinburgh, and 
Glasgow, The usual export beers commence at 0*50, and generally average 0*55, 0*60, and 0’66, 
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Bt.ttled beer generally bas a gravity of O’ 70. Beer lor bottling should be kept nine Jp twelve 
moiitUa at least, and should be brewed from October to May ; it Is laid down as an imj^rative rule 
that such beer should undergo a summer’s heat and autumn’s fermentation in cask in England 
before bottling to be seift abroad. The most economical method of bottling is to run the store hogs- 
heads and butts otf, dry to the hop, into vats containing about two days’ supply, and there fine It 
down a week hoforo it is wanted. These vats ought always to be well sulphured before filling. 
Casks for expori are always now steam seasoned, being set on end with the steam jet in the tap- 
hole ; the bung-hole is filled up with an old shive having an open spile-hole in it by which to learn 
the pn;8Hure of the shiarn. This method is preferable to that of steaming casks on their sides 
through the bung-liole, a system that is the cause of brealdng largo quantities of bung staves. Old 
casks should not be steamed, but should be filled with water to which a handful of quick lime is 
added. E* 

Cider. (Fii., Cidre ; Ger., Apfelwein .) — Cider is an alcoliolic beverage made by fermenting 
the juice of the apple. It is largely prepared in different parts of Englaml, France, and the United 
States, where the fruit is chiefly cultivated. • 

Cider, like wine, is the product of the juice of n sweet fruit ; it contains alcohol, extmetive 
mailers, acids, and salts, and it possesses a flavour and arema which are agreeable to nearly every 
taste. Cider, as usually made, coiitainn a much smaller i>roportion of alcoliol than most wines, and a 
inuolf larg(jr proportion of gummy and nitrogenous substances; the acids, while they impart to it 
infnjwliing proj>ortieH, are more enfeebling to the system than tartaric acid; its taste is not so 
ideasant to the palate as tljat of wine, uTid its effects are not nearly so poweifiil. The nitrogenous 
substances, although making Ihc drink more nutritive, render it liable to decompose and be 
spoiled. 

In 8{)ite of the many different opinions on this subject, cider, if carefully prepared, is a very 
excellent beverage, and second only to good wine ; it possesses many qualities wliicli render it in 
many respects greatly superior to beer. ITiiforiunatf ly, however, both in England and abroad, so 
little care is bestowed upon the pre pamtion of this drink, and such antiquated and faulty methods 
are employed, that the orvlinary cider of commerce is a far inferior article to what might be made 
by proe, esses based upon scientific priiici])le.i and conducted with more ean3 and discrimination. 
The inferior quality, made from unrijie fruit and not carefully fermented, is decidedly unwholesome, 
and its eonsumptimi liable to cause colic. 

Tho best chler contains from 8 to 10 per cent, of alcoliol ; an<l the ordinary varieties, from 4 to 
f> p(‘r cent. Tho former kind is made at the present day in Normandy, New Jersey (U.S.), and 
Hei'i'fordhhire, the remaimler being chiefly made in llcvonshiro and Some rse t. 

The following table represouts an average analysis of tho oiqilos and pears used iu cidor- 
makiiig: — 



Unrii)e. | 

Aitlks. 

Ripe. 

Mellowed. 

Unripe. 

Pears. 

Ripo. 

Mellowed. 

Waii'v ' 

•85*50 i 

S3 -20 

03*55 

80-28 

R.S-28 

07-73 

Sugar 

4*90 

11*00 

7-95 

0-45 

11-52 

8-7^/ 

Ycg<' table iTUitier ; 

5* 00 ; 

3-00 

2-00 

3-80 

2-19 

1-85 

(limi 1 

401 ' 

2-11 

2-00 

3-17 

2-07 i 

2-02 

Albmmui .. 1 

010 ! 

0-50 

! 000 

0 08 

0-21 ! 

! 0-23 

Acids (iiialie, iH'die, tannic, &e.) 

OH) 1 

0-50 

: 000 

0-22 

. 0-13 

! 0-05 


.00-00 ; 

100-00 

; 70- 10 

100 00 

, 100-00 

1 i 

76-85 


’Pbo loss of ‘JJ O per cent, in mellowed apples, and of 23*15 per cent, iu mellowed pears, is 
diK' to tho evaporation of tlie water and tho decoaqxisitam of a portion of the organic matter, 
espt'cially of the sugar, which is convcitod into alcohol and carbonic acid. The sugar which is con- 
tamed in tho rii»t) fruit is suflicitmt to furnish from 3* 12 to 7*34 per cent, of alcohol by volume. 

The keeping qualities of tlu^ fcniK'utetl juice of apples and pears depend upon the presence of a 
Bufficient quantity of alcoliol and sugar, and upon the absence of all nitrogenous, fermentable 
inattor. espiH'iaUy of niomalic. principles, which are abundant in tho uufermented juice. Unless 
alcohol be present iu tho fermentod juice in j;he projiortlon of 18 or 20 p(;r cent, by volume, the 
hiitm* is c( rtuiu sooner or later to undergo acetous fermentation. Now, ciders made from the juice 
of the upi>lo alone, without any addition of water, cannot possibly attain a higher richness than 
from 3 to 7 per of alcohol, which gives an average of 5 per cent, for common ciders, or only 
one-fourth of the pniportiou requirml to ensure its kt^epiug. From this it is clear that the 
aloidiol alone will not prevent tho drink from undergoing acetous fermentation, but that the 
absence of any fermentable principle must also bo ensured. In order to render |ho fermented 
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cider preBervaM% tihe apple jvdce shoiilil, at theliine of fermentation^ alwaye .stand at 8^ or 10^ B, 
But sidbe tbis proportion of it ill not produce a aufflcieot quantity of alcohol to prevent 
an acetous fermentation fh>m iaking^laoe, it should be considered only as an auxiliary to certain 
otlier precautions, to bo treated of later. • 

It may be assumed, from what has been already said, that 5 per cent, of alcohol is a sufficient 
quantity, provided that the causes of afte"*-fermentation have been carefully removed, but tlnut a 
larger quantity, if it can be obtained, is much to be preft^rred. 

Besides increasing the density of the juices, and thus augmenting the proportion of sngixr con- 
tained in them, there is another method by whicn the saccharine riohness of the “ luniit may bo 
considerably raised, and this method is by fur the best, notwitiistariding the time which it occupies. 
It consists iu gradually replacing the ordinary and less Bw«x}t varieties of apple by those which are 
much richer in sugar, and this is by no means iinj) 08 sible, or even difficult. It is true that there 
exists still a deep, but utterly unfovn.deu prejudice against sweet apples among cider-makers ; this 
prejudice, however, may be easily combated, since it is opposed to the iirst principles of ferment||Jon 
and of cenologioal science. Unless the fruit employed foi oider-maki^g contain a pro{>or qunnt^ of 
astringent substaii jes, it is true that the product obtaim d f)\un it is subject, thougli only after an 
incomplete or oareloss fermentation, t . the annoying accident tormod “ viscous fermentation.”* It is 
owing to this that cider, madti by the usual faulty prooess, from sweet apples, is more liable to 
alteration than that made from apples oonhiiniug loss sugar. But this objection losers all it« force 
when the process has been carried on upon sounder and more correct principles, and hence it is 
that cider-makers have, in tht ir ignorance, been compelled to make use of fruit containing but 
little sugar, and thus to prodiRio cider insufficiently rich in al(K)hol to bo either agreeable to the 
taste or capable of resisting aoetification and other vexations alterations. It should be remembered, 
that the more sugar any fruit contains, the more alcohol it will yidd, and the smaller, con- 
sequently, will be the chances of any subsequent alteration of the product, provided that certain 
substances favourable to alteration liavc been cart fully eliminated. 

Although it has been stated that it is advisable to employ only the sweetest apples obtainable, 
the cider-maker must he cautioned against excluding those varieties which are rich in tannin, or 
the astringent piinciplo. lie should always have in view the cultivation of a fruit containing iJie 
maximum of both sugar and tannin. Apples and pears, which are at the same time very swet't and 
very bitter, furnish the dements of a l)evorage which will be rich in alcohol, i nd which can l:>o 
kept for a vc'ry long period without degenerating. Sugar yields alcohol iu proportion to its owm 
abundance, and the tannin, by partitdly or entirely rom(>ving tlic albuminous matters, eflectually 
protects the fermcnled drink from being spoiled by aftt'r-fermentation. 

Referring to the analysis given alfove, the average composition of the fruit in all three stages 
will be found to bo represented by the following figures : — • 

Water 77*40 Albcuien 0'22 

Saccharine matter 7'9o Malic, poetic, tannic acids, &c. . . 

Gum and mucilage 2 • 70 

92-10 

By removing the water, and leaving the fruit perfectly dry„ the following figures are obtained 

Grape sugar 64 -20 Albumen 2*92 

Vegetable tissue 17-53 Malic acid, &c 2 92 

Gum 12-33 

99-96 

From these figures, it will be seen that by subjecting the fruit to a process of desiccation it is 
possible to give to the product any alcoholic strength desired, and the nwessity of improving the 
must by the mldition of sugar or glucose is thereby eutirely avoided. If it be admitted, for example, 
that ripe apples contain 1 1 per cent, of sugar, this corrosjKmds to 8 percent, of pure alcohol by volume, 
and it will be easily possible, by the fiuiditiou of dried frub,to increaKo the strength to 10 jier cent., 
which is about that of the common French wines. It re^iuires 16 per cent, by weight of sugar to give, 
theoretically, 8 per cent, by weight, or 10 per cent, by volume, of alcohol, and sucli a quantity of 
clued fruit as will bring the product up to, at least, this strength should l>e tidde<l to the must. 
This would moan, on an average, 5 per ociit. of sugar to be added, which would correspond to about. 
7 lb. of diiod apples. Since the desiccation is never by any means complete, a.s aKSumcKi above, 
this quantity should lie doubled, in order to aff(»rd to this must an alcoholic richness of 9 to 10 
per cent., which strength would grcjatly improve 1ui(^ ensure the preservation of the finished 
product. 

In order to bring into praotiw the plan just described, it is necessary only to keep a large stock 
of dried fruit of the best varieties, and to add this in proper quantities to the unfermented juice; 
by this means, cider of the very best description, and capable of being kept for a great number of 
years, may bo easily prepared. The same result might doubtless be obtained by concentrating a 
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quantity of the must to the consistency of a syrup and adding it to the ordinary must ; this method 
would probably be more easily pmotioable and more eamomioal than the one just describeo. 

When the juice of the apple has been extracted by the best method possible, and its ewitive fer- 
mentation hfls been conflucted for a sufficient length of time and at a proper temperature, it only 
remains to remove all foreign matter, whether suspended or settled down; to clear the cider 
thoroughly from all solnblo albuminous matter, whether coagulable or non-coagulahlo ; in short, to 
submit it to a cotnjdete defecation, in order to allow of its being kept without fear of spoiling. 
This should l)e effected by drawing it off carefully after the suspended matters have settled down ; 
clarifying jt carefully by tlje ordinary laeihodicul processes of refining ; guarding it against the 
adverse influences of air and warmth ; and by exorcising as much care over those processes and 
over the product itself as is customarily bestowed upon wines from the grape. 

Careful attention to all tbo p(»mt8here enumerated is all that is required to produce a really good 
bevoruge, and one that will not be inferior to mai»y wines, instead of the crude, harsh-flavoured drink 
that is commonly sold under the name of cider. 

Bt‘foro polntitig out the rm^thod of putting into practice the improvements suggested in the fore- 
going paragraphs, it is desirable to describe the old-fashioned processes, which are still generally 
followed. • 

Cointmn Method of Cider-maHu^.^The apples used in cider-mnking arc just, or nearly, ripe when 
gatbec’od, a state that may b(» recognized by their appeal unce and odour, f»r by the blackness of their 
sciods. Tbos(‘ which fall, or are gathtTed before imitiirity, are laid aside for a wwk or ten days, in order 
tliat they may becr>me mellow ; any wliicb may have become rotten during this time are carefully 
pickial out and rejo('ted. In some phuies, it is the custom to pre^serVe all the fruit, whether ripe or 
unri{K), for a eertain length of lime, varying from a week to six weeks, care lieiug taken not to lot the 
apples lie until they become pnlfiy, as in this coudilion they are wholly unfit for cider-making. 
They are next ground in a mill, in order to break up the cell ides and set free the saccbariiie juice. 
■When much fruit is being dealt with, the old fiihliioned liorHc-mill is still in vogue. It consists of 
a circular stone trough, in which a large sione wlu'el is made to revolve on its edge ; the up})les nro 
poured into this trough and crushed by the wheel, which is turned by a horse, or by two horses, 
much ill tho same way as the tanners griml their bark. Wtion about half ground, a littlo frosh 
water is added to tho mash. lu such a mill, three or four hogsheads of apjdes maybe ground in the 
day ; but tbo cider has usually an unph-asatit tast(‘, acquired from the rinds, sterns, and seeds of 
the fruit, which in theses mills are imu'h bruised. Anollau* and better mill consists of two cast-iron, 
fluted cylimlors, one of which is turned by a handle and comnmnicati'H its motion to the other. 
These are lixed in a wooih'ii case, and the appl»‘8 are fed in through a bopjser placed directly 
above. Tho crushed fruit should lie jmssed twiei tlirough the mill in order to extract the wliole of 
the juice. This mill will crush fruit enough in ono day to make m'urly twcuity hogsheads of cider, 

Tho lu^xt opi^rutiun is to press the crushed fruit, which is perfornu'd after it has stood for 
about i\v<*lv(; hours, at the most, in a wooilon tub or eisUrri. liiTe, fermentation commeiiccB, 
and the breaking uj) of the cells takes ])lace, by wbieli the Bubst'qinmt scq^aralion of the juice is 
mueU facilitated. The eruslieil jmlji is then placed in hnir-cloth or coarse canvas bags, and idlowed 
to drain into suitable reei'ivers, after whieli it is subjected to a po\verfid pressure in tho cidc'r-pre.ss, 
a large sertwv-press. Tlie juice wlrieh runs away is at first foul atid muddy, but is afU'rwt^rds 
as clean and puie as if fllti rod througii paper. Jt is common to throw away the remaining thin, 
dry cakes of pressed pulp, as Ti»eles.s, or to feed pigs with lliem ; or smnetimes it is ground a second 
time with water and pressed for an inferior kind of eider, which is very weak, and must be drunk 
at once, as it will not keep. 'Tho first runnings may lie strained througii a sieve; the wdiole is then 
placi d in largo casks, filled to the brim, where it soon begioH to exhibit tumultuons fermentation ; 
the froth or yeast which collects upon the surface of the fermenting liquor is always removed. 
A bung-hole aflbrtis a suflicient exit for the carbonic acid gas disengaged. Tiie fermentation 
is usually condueted iu niiy sheds, where the warmth is scarcely greater than that of the open 
atmosphere. If tho liquor be mucJi agitated, the process may last only one day; but when 
allow ed to remain at n st, tlie fermentation commonly goes on two or three days, and even five or six. 
No ferment is used. Tho liquor is then racked or drawn off from the Ices, and put into fresh 
casks. A fresh fermentation uMially commences after racking, and if it becomes violent another 
rucking is often performed in order to cheek it, in conseipience of which the same liquor may 
require to be racloMi afresh five or six times. It is customary to fumigate tho cask b<*fore running 
iu the liquor by burning inside it a stri}) of linen coated with sulphur ; this is kindled at one end 
and loweri'tl into tho casks through tho b^mg'-holo, the bung being immediately replaced. The 
objtxdof this operation, culh’d stumming,*’ is to prevent the liquor from “ fretting,*’ or undergoing 
the alter- fermentation already moutloned. The casks containing the cider arc then stored in a 
collar, barn, or other cool jdace, w here a low and regular temperature can be maintained, and left 
to mature or ripen. IJy the following spring, tho cider is considered fit for consumption and 
iKittled or re-racked for sale. 
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riom to |t tooifboiMi Tlie motlkod of «to*tore U^ooir is to grind tho 

firoll to i o^udo» mlpo «tato» otid Kobjoot the jtdoe to A If^llitoontotioa. For mmt oidoTi 
•weoter l^la «re ehoion end ground iu a perMly ripe •totoi t^o larmeutaUou of the juioe beiug, 
al8o» dhddtod before oomptotiou* To prodnoe the bitter cider^ parttoular varietiee of fruit mmi ^ 
0ee4 ead theaeaeou in A^hi( h it ib matured must be taken toto oonaideration. 

The temperature id which the fermentation is oond noted is a matter of mucli importance, tlioi^gh it 
very faraJy receives fV-im cider-makers the attention it requirf's. The juioo, when expressed from 
the ficult, is left in a cool place, at a teiuperatuio of abont 10^ or 3.2®, When, as la frequently 
the case, the juice is permitted to stand in the toll heat of the autumn sun, much of the alcohol 
undergoes acetous fermentation, Ijcing thus oonvertod into vinegar, to which the unpleasantly rough 
and aoid taste of common cider is entirely due. These properties are especially characteristic of the 
cider of Pevonshiie, in which county but little attention is paid to this part of the process; the 
result is that the cider w^Il keep, at the most, only tour or five years, whereas, that made in 
Herefordshire and iVorcostershire, where the fermentation is more carefully oonduoted, can be kept 
for a much longer period,, , 

Before bottling, it is customary to improve the flavour or strength of weak cider, and for this 
purpose there are many plans in use. The want of strength is supplied by brandy or any other 
spirit, in sufficient quantity to prevent acetous fermentation. To supply flavour, an infusion of 
bops is sometimes added, which is said to communicate an agreeable bitterness, and at tlie same 
time a fragrant odour. The want of colour is sometimes stipplied by elderberries, but more 
generally by burnt sugar. Isinglass, eggs, or tiie blood of oxen are often made use of to refine and 
brighten the liquor. The proper time to bottle cider depends greatly upon the quality of the liquor 
itself; it can seldom be bottled with propriety until a year old, sometimes not until it is two years 
old. It should have just acquired its utmost degree of richness and flavour in the ctisk; and this 
it will preserve for many years in bottles. The liquor called “ ciderkin ” is made of the marc or 
gross matter remaining after the cider is pressed out To make this liquor, the marc is put into a 
large vat, with a proper quantity of boiled water which has just become cold ; the whole is left to 
infuse for forty-eight hours, and then well pressed. The liquor which runs out from the press is 
immediately tunned up and stopped ; it is fit to drink in a few days, and serves in families instead 
of small beer, 

Improved MetJiod of Cidcr^rnakinj. — When the juice of any fniit is required for use, it is a matter 
of much importance that as complete an extraction be made ns possible, since the economy 
of the entire process depends primarily upon this. It is not effoctod eiwily, even by maceration, 
unless the vegetable tissue has previously been thorou dily disintegrated, in order to break open tlie 
minute cellules of which it is comjxised, and thus to set free tho saooharine juices hold in them. 
The more carefully this disiutegratiou is conducted, the more easy is it, by mechanical means, to 
effect a thorough extraction ; and an incomplete disintegration not only leads to very poor results, but 
also renders it necessary to employ a process of maceration in order to obtain all the sugar, instead 
of submitting the pulp to the action of a press, which is a fur quicker and more economical method. 
To obtain, therefore, the maximum yield of juice from his fruit, the cider-maker should consider 
it an indispensable condition that tho apples bo thoroughly crushed or ground before subjecting them 
to pressure. 

Many different forms of apparatus are employed in crushing the fruit. The ordinary horse-mill, 
in which it is ground to a pulp by means of a circular 8h>ne wheel, described above, presents many 
disadvantages, to all of which the manufacturer still persists in shutting his eyes. It requires an 
enormous amount of labour, and it consumes &r more time than is necessary. Besides this, in such 
a mill, the pippins or seeds of the fruit ore crushed as well as the pulp, a contingency which ought 
to bo carefully guarded against. The seeds of apples oontain 25 per cent, of a colourless fixed oil, 
which is not absolutely injurious ; but they contain also a minute quantity of a volatile essence, 
closely resembling, if not identical with, the oil of bitter almonds. This oil, if present in cider in 
any quantity, effeotu^dly covers tho flavour of the drink, and exerts a most powerful action upon tho 
nervous system, and particularly upon the brain. To its presence are pro^bly due the prolonged* 
intoxiesating efi^cto and the serious disordem which follow excessive indulgence in this drink. The 
breaking up of the seeds does not render the cider mor^ alcoholic, but it adds greatly to its intoxi- 
eaBog effects, and should therefore be avoidad in every possible way. 

Another mill, used only in Bngland, and much to be preferred to the one just mentioned, con- 
sists of two cylinders, having a number of knife-blades coached to them ; these move in opposite 
direotiona and reduce the trait, which is tod in from above, to small slices. The apples, thus 
divided, toll between two other eylinders, made usually at granite, which crush them to a palp of 
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moTB or Ices flnenoss, accorrliog to the 

ineatiBf tbo Ihiit is prepared for the press ^iJh^isiog the » 

A raaohine, preferable to either of the sibof?e for hpples, was devised by ead I# 

BOW used in Franco; it*is shown in Figs. 308 |md 80% from which a good idea of psolbod Of 

working will be guined. The two vertical wheels are of granite ; they work in oppc«tt ilroofioiis, 
a»I may be regulated to stand at any required distance from each other. The appajfttuslt Worked 
by borse-power» and con be mode to erush 5 bushels of aj)ples a minute* One of its ohiof moxilS 
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is that thrr(i is no iron used in its construction ; contact with this metal is very injurious to tho 
quality of lUo juice. It may be used for a variety of other purposes besides crushing fruit; 
it occupies hiil little space, and, by reason of its extreme simplicity, it is very readily repaired. 
Manual laljour may' be employed to work it if debirod. This mill is decidedly the best at present 
in use, and we recommend it, above all others, to tlie cider-makers of this country. 

Tho fruit having, by tiie above method, been reduced to a kind of pulp, and a large quantity of 
its juices exprossed, the next oporatiou is to extract, if possible, the whole of the remainder. If this 
extraction were completely effected, 100 lb. of njples would yield nearly 98 lb. of must for fermen- 
hition. Nothing like ibis quantity is, however, obtained at present, tho deficiency being made up 
by th(3 addition of water. It is true that no apparatus has ever beeu dovisod by which it is possible 
to extnict the whole of tho saccharine juices; but it is easily possible, with improved machinery, 
to get a yield of at least 70 or even 75 per cent. Moreover, by tlio application of the principles 
of maceration b) the ro.sidues, or marcs, this yield might bo increased to about 90 per cent., and 
a residue left <3qual to no more iluxn oue-tonth of tho original weight of tho mass. Whereas, with 
all the large and elumMy aiq)arutus at present used, and all the labour expended, a yield of more 
than 45 ja-r cent, is rarely obtained. 

Many presses havc^ been devised tp take tho place of the huge, old-fashioned cider-press. This 
unwieldy piot ',0 of mochanism ofton covers an area of .50 square yards, and requires the united 
Hlrength of fift(H)n men to work it ; and yet, though many ingenious and labour-saving substitutes 
hiivii been invemted, this cumbrous monstrosity is eiill retained in many of tho cider-producing 
districts of Knglaud and IVance. 

Of tbe improvemoutH roferred to, tho bc‘st and most convenient is the hydraulic press; unfortu- 
nately its price prevents its <iconomical use by makers who produw only small quantities, but 
where the make' is oonsidorubh^ it i.s to l)e preferred to any other, lu small farms, an ordinary 
sniall screw press may he used with advantage. It is shown in Fig. 810. It will be seen that the 
principal screw turns two others, which <ire placed one on each side of the former ; by this moans, the 
upjH'r plate is subjected to a more uniform pressiuro, and better rt^sults obtained than with a 
single scrc'w. Tt furnishes a yield of (55 to 70 per cent, at the first prei^iug. 

The praclioo of submitting the crushed pulp to maceration, in order to attract the remainder of 
the juice, may be ro<3ommendcd without any hesitation. Two principal methods may 1^ employed, 
according as it is desired to use the process simply as an auxiliary to the work of the screw piess^ 
or as a means for tho f xtraotion of the whole of tho juice. 

In the first case, as much as iKwsiblo of ihp juice is obtained by means of the press, the pulp 
being onclosid in bags ranged in rows, scq^aratetl from each other by hurdles of tfidoker^work. The 
bags, when taken from the press, aie placed in a tub, and subjected to the action of a suMclent 
quantity of tepid water for an hour. After this first maceration, they should be rewioted plaoed 
in another tub with more water, while other bags arc being put into the first tub* Tide is oon- 
linuod until tho pulp has been subje t^d four suecossivo times to tho aetlbfi of wa^ct* of dwreasbg 


of tto i»#l ^ f|j|:li«v«i ootjuirod. th« donsitjr of the iwtural juice. The 
tBMusexalied ulterwuxdB pikmed; die ip^ihg li^idd beioig used instead of pure water for the 
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lu the obtx^ ease, wlien the maceration is required to eqttract the whole of the juice, the 
appar^uhis is not quite so simple. It is shown in Pig, 811^ . 'Sphe four vosBela, A, 11, C, and D, mi/iy 
be made of wood; tliere may, with advantage, be six inst(»d of four, in order to t iisure tho perfect 
maoeratioh of the fruit. The cylinders E and F Jiould he so constructed as to serve, should 
occasion reqtiife it, as reoepiacdes, or as hcatirg apparatus. When steam ctmnot ho liad, a coiled 
tub© may be placed iu each of these, through which may bo ]»as8©d the i>rodiiots of ’combustion 
fixHU an ordinury stovo. 

If the cylinder E contains liquid which it is rv.qaur*'d to raise into A, tho register o** regulator, 
which admits the heated gases into E, is opened; tho liquid thereby becomes heated, and tli© 
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steam produced drives it up the tul>e into A. If, on tho 
other hand, it bo desired not to heat tho contents to the 
boiling point, a small air-pump may be oouncetod t ) M, by 
moans of which the liquid can be driven up into A whonovor 
the requisite temperature is reached. This latter method is 
preferable, since it is not advisable to heat the juice to a 
higher temperature than 70*^ (158° F.), in order to avoid 
the. Coagulation of albumen in the must. 

The fruit is, of course, preimrod for the process by slicing with ordinary root-cutters. Tho 
liquid, when equal in density to the pure juice, is run directly into tho fermeuting vats; tho 
exhausted slices may cither be pressed, or used at once as food for eattlo. 

All the technical and moohanictil questions concerniug tho advisability of macerating the fruit 
have been answered alrwnly by the success of tho ) fooess iu tho extraction of sugar fiom tho 
boot. There is now no reason why it should not bo ein]>b)yod with equal success in the pnqmration 


of cider. 

Assuming that the juices of the apple have been extracted by either of those methods, and that 
all tbe proOiiutiona urge<l above havo been carefully taken, the eider-maker bus in his bauds a must 
containing more or less saccharino matter, which requires only the process of forniontatioti to 
convert it into good older. The same rules which regulate tliis o|>cuation in tho case of wine, or 
any other alcoholic beverage, are ai)plicablc to this drink also ; and all those conditions which 
have b€«5n previously pointed out in tho artich? on Alcohol as indispensablo to its proper (conduct 
must be scrupulously observed by the cider-maker desirous of success. And there ar^i other 
oondltions which ho must not neglect in order to produce an article of good quality, containing a 
sufQoient proportion of alcohol. One of llicse is to Hvoi<l too slow a fermont.ation, winch invariably 
tends to produce lactic acid in place of alcohol, and in a very large proportion when tlie must 
contains much gum, dextrine, or viscotts substances. If uitrogouous matter be present together with 
these, they will be decomposed, giving ri«o to myriads of fermentable germs, which cause tlie 
alteration and ultimate ruin of tho product. A -hurried formontation is no loss injurious: it 
produces the formation of acetic licld at the expense of alcohol, thus aSordiug the harsh, disagree* 
able fhivour whiOh characterizes nearly the whole of the cider made at the present time. Above 
everything, care should be taken to see that the must ocaitains water and sugar in correct propor- 
tions before subm^Og if to fermentation. The cider-timkor, for tbe sake of increasing his yield, 
too frequently ccmmlt« tlm serious blunder of diminlslflni^au already inadequate pro(K>rtion of sugar 
by additions of water to his must* thereby lendering it iin|) 08 fiiblo to produce a drink of sufficient 
alcoholic strength. A must eonthining too little sugar ipfoUibly gives rise to a bad fermentation. 
Acetic, lactic, and vlsoous fementatioas ensue, in inversfi; proportion to the saccharine richness of 
the unfermenied liquor. To avoid this, the maker mu it ^e every precaution to ensure a sufficient 
quantity of sugar therein, and he mitsi not on any acooudl whatever diminish it Ijy the addition of 
water. By observing a slmqile rule, ho may i>roduc© a ci^er equal in every respect io many wines, 

a K 2 
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and dikpbble of being ptoaertod for any length of rale i« as follow* t— ihat the ^ 

saocktfim d^nMtyof the muat is as high ae or, since other Bbluhle nsatteFS arei 

present bi^sides sugar, which raise it as mtioh as l°*5 or 2^, the total density of tha nsnai should , 
stand at lirom 12® to 13® *6 Bauna^, " 

^Besides having the pro}>er relatira proportions of water and sugar, the must should contain a 
suiScient (Quantity of astringent substances, and these, if not present, must be furnished to ii Tliis 
is necessary to the success of the subsequent operation of clarifying the fermented liquor, yrhioh 
cannot be performed by artificial means without the assistance of these foreign matters. Cateohn 
is the most convenient, on account of its comparative cheapness, and also because it imparts no last© 
to the drink. The quantity to bo added varies, of course, with the natural astringence of the juices, 
but, as a general rule, a solution of 80 grm. per liectol. (about 20 grains per gallon) is suffioieni. 

'I’ho process of active fermentation should be conducted at a temperature of not less than 15® 
(60® F.), and not higher than 25® (77® F.), in order to avoid either retarding or hastening the 
rofiction. The process may l>e carried on in the open air, in vats of sufficient capacity, say 600 to 
gallons. When the vat is filled to about five-sixths of its capacity, the sugar should bo added, if 
this ^ necessary, either in the form of good fresh molasses, or of concentrated juice at a density of 
28® to 30® Baunie. The solution of catechu is next added, if the must is found to be wanting in 
astringence ; a good lest is to add a little of a weak solution of gelatine, which, in that case, 
produces no precipitate, or a very faint one. The h^rnperatiire of the must, and of the surrounding 
atmosphoi’e, should then be carefully note ! ; the latter should stand at 15® (60®F.) throughout 
the operation ; that of tlie must ought to be raised to 18® or 20® (G4® or 68® F.), either by the 
addition of heated must or by steam. Groat attention must bo paid to these points of temperature, 

AltUougli the juices contain minute quantities of a fermenting principle, it is always advisable, 
though by no moans customary, to add a little good brewer’s yeast ; 15 to 20 grains per gallon is 
quite Bufiiciont. It should Imj mixed first with a little of the must, and then added to the contents 
of the vat with vigorous agitation. The vat may then bo tightly closed, and the process suftered to 
proceed. In an hour, the contents of the vat arc in a state of brisk fermentation, and carbonic acid 
gas is disengaged in considerable quantities. It is never necessary either to remove the scum or 
to agitato the liquor in any way, The process is complete when the disengagement of gas ceases, 
and the liquor has fallen in density to 1® or 1®*5, showing that all the sugar has undergone 
conversion into alcohol. It is then drawn off into tuns or barrels, wlmre it undergoes anotlicr 
fermenting process. The usual length of the flrnt or active formorrtation is about sixty hours. 

Tlio tuns into which the fermented liquor is drawn off hold usually 130 to 150 gallons; they aro 
completely filled, and tho bung-hole at the top is simply covered with a piece of linen stretched 
across it. As soon as tho fermentation recommences, tho particles of suspended matter are carried 
to tho surface and driven out at the bung-hole ; by this moans tho liquor becomes considerably 
purilhid. When this process is complete, which may not bo for two or tliree months, the liquor is 
ready for clarification, which moans tho entire removal of all the causes of after-fermentation. Tho 
cider is first racked off into clean casks, which have been well sulphured, ns already described. 
Her(' tho process of chiriflcation is performed. If tho addition of catechu to the unfermonted liquor 
have been made, the soluble albuminoid substances will be removed, by its means, on the further 
addition of a little gelatine or albumen ; more than enough to precipitate tho catechu should n5t on 
any account 1)0 added. It is well to subject the cider to another clarification in a few weeks* time, 
especially if it is destined for sale. After this treatment, cider will keep as well as wine, and if 
sufflciontly rich in alcohol, it will be much improved by bottling. 

The conditions of preservation are uleutioal in tho case of cider with those of the prorervation 
of wine. When made from ripe fruit containing much sugar, and when there has been enough 
astringent matter in tho must, and the two pi<x*easos of fermentation have been properly conducted, 
and those of clarifying and rooking have received due attention and care, there is no reason why 
cider should not ho kept for an indefinite number of years, always provided that it be kept in a cool 
cellar, in good casks or bottles, and well out of contact with the atmosphere. 

In concluding this aitiolo it will b? well to recapitulate briefly Uie most important points in 
the manufacture, and those to which tho cider*maker should give his carefhl attention. 

1. Many varieties of the fruit should be cultivated, in order that there may be a certain supply 
in all seasons ; those are espeoially to bo desirod whiob, when just ripe, contain the maximum 
quantities of sugar and tannin. 

2. Tho apples must not be gathered befere Biey have attained fall maturity: they should Ml 
to tlm ground when the tree is lightly shaken. 

8. The gathered apples should be at once protected from rain or frost. If peTlbotly ripe, there 
is no necessity to lay them aside before using. 

4. The division of the tVuii is best porformod by means of root^utters if maoscation alone is to 
be employed to extract Uie juice ; or by Berjot’a mill If the press is to he ueeA 

5. The extraction of the juice may be porformed either hy ineeeratioh w fef pSemre. 
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4 is iiBed, Uid lauat should be brought to the density of the ustural 

luioes ; be used to exbiuiat the squeezed pulp, but iu sueh a 

Wy as net to jnoreaae the proportion of dr to diminish the density of the must to leas than 
that of the natural jutoes. # 

7. The extmotion of the juice by pressuro should bo portomed in a screw press, or hydraulic 
press if in great quantity, of simple constraction, requiring but little power, aud capable 
prodheinf at leant 65 to 70 per cent, of juice. ^ 

6, Tito toeoha^riue density of thd must should be ai. high as ^ ^umd for ordinary cider, and 12^ 
to 16^*5 lor cider destined for exportation. 

A convenient quantity of cateoiiu (20 grains per gallon) should be add'xi to tiie Saust if the 
latter do not show a didtinot precipitate when trfioted with a Sf'dution of gelatine. 

10. additions of sugar and catechu sliould made to the must in the fermoutiug vat ; 
the latter should be rather deeper than wide in order to It^ssen the surface exposed to the air. 

11. temperature of the air iii the fermenting room should be regulated at 11® or 15® ; tliat 
of 4he inhsf should stand throughout the process at from 18® to 26® ; the process should bt) started 
by means of brewer’s yeast (15 to 20 gndtis per gallon). The vats should be tilled to about five- 
sixths of their capacity, and should be (jovered up as soon as the process commences. 

12. The liquor should bo drfcwa off os soon us the pim^ess is oompietc — after about sixty ifours. 

The hood or scum should be removed fi^om the surface ht fore drawing off. ^ 

18. The secondary fermentation should bo conducted in clean tuns, of 130 to 150 gallons 
capacity, and quite full. 

11. When tlie secondary fermentation is over, the liquor is rooked off, during which process it is 
kept AS much as possible from contact with the air, into casks properly sulphure»l and cleansed. 

15. Clarification must Iw performed iminediately after the first racking off. A test of the liquor 
with gedatme should be mode before adding nniro catechu. 

16. Another racking should follow immediately after the clarification. A second clarification aud 
racking off should bo i.>erforiried upon cider for exi^rtatiou. When made, the cider should b(' platted 
in casks of 60 to 60 gallons capacity, similar to those used for wine. These should bo stored in cool 
cellars. 

17. When sweet cider is desired, the first procf)ss of fonucnttiiion may be checked as soon as the 
cider has attoinod tlie proper degree of sweetness. Bccondary fermentation should bo hindered by 
frequent repetitious of tljo clarifying and racking-off processes, aud by well sulphuring the casks. 

Careful attention to all these points cannot fail to result in the production of an oxcefnlingly 
agreeable and perfectly wholosonif) l)everago, wliich is certainly more than can be said of the cider 
of to-day. The process wliich hus been descriUul is in actual ojioration in Normandy, and it yields 
results which are little short of perfection. There is iwdhing to prevent shnilur results from being 
attained in tiiis country, and the preparation of retdly good cider wouhl be a source of much benefit 
to the oommunity at large, since it might to a largo e,.,tont take th(^ place of boor, a beveroge which 
is extensively oiiultornteib and henoo often very injuiious to its habitual consumers. Cider is, or 
might be, also much more ch(faply produced than beer. The cultivation of apples upon land highly 
favourable to their growth, but now lying utterly waste, srndi as railway cuttings and embankments, 
would in a few years greatly increase the pro<luction of fruit, and tond to lower the cost of the 
manufactured beverage. Va.st .numbers of acres of such land, uixm which thouHands of tons of ajiphis 
might bo grown, with profit to the calti|)ator8 and benefit to the oommunity, now, for want of a 
little enterprise on the part of the railway companies, produce notliing but rank herbage of little use 
os fodder, and consequently of no commercial value. The cost of covering this land with a[)plo and 
pear trees would be very small ; and, apart from the value of the fruit itself, the proseuce of the tr(30H 
would probably be of great service as a means of preventing the soil fronv slipping. This mode 
of utilizing the dopes of milways has already been partially ado 2 >ted in some countries of iho 
Continent 

PxRHY. (Fk., Poire; Gx»., Birnwein ,') — Perry is another wholesome l>t»vomge, resembling cider, 
and made from pears in the same manner that cider is made from apples. The harsher sorts, or 
those that are too tart for eating purposes, make the best perry. 

The manufacture of this drink is exactly similar to tlmt of cider ; aud tho reanarks made c(mceru- 
ing the latter apply, in every particular, to perry. As shown in tho table on p. 414, {lears contain 
a little more sugar than apples, and consequently yield a slightly largmr proportion of alcohol- 

Cocoa- (Fa.y Como; Gm, Caoao.) 

Cocoa, a preparattoii ol the icoastod seeds of the Camot is very widely consumed lu 

various forms. It is wholesome, pleasant flavoured, and highly nutritious ; and the quantities 
in which it is prepared and sold for use as a beverage proclaim it to bo an article of commerce 
second in importance only to tea and coffee. 

As common beverages, tireso three have a strong claim to consideration, not only on accouut of 
their universal consumption in this eountty* hut also eeauso, fsmiUar as people are with them, few 
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tecilly know Iiow to prepare them in the most wheleeome and agreeaHe form, 

flavour and tonic properties is frequently wasted by ifitocMTcot mode of prepaiwti^: •: , , 

The aoiive principle in cocoa ia fAaobromfjw, an ell^kiid closely resembHng.thcS^jOpO^ id 
tea and coffee, but of leas powerful effecta. ‘ It also oontaiha 50 per cent, of a pecuUaf d&^ty or oily, 
substance, called Imttcr of cacao ; and 20 jwjr cent, of albumen, from which if obtains its motive 
properties* The cocoa of the shops is always misod with a small proportion of arrowwot, or some 
other starch, in order to render it splnblc, or rather emulsive. Being very nourishi^ and at the 
same time very easily digestible, cocoa, when well prepared, strengthens the digestive organs and 
quickly raises tbo tone of an exhausted or enfeebled system. Hence it is the favourite beverage 
of invalids and dyspeptic persons. Its oxhilamtiiig effects are nearly equal to those of tea and 
coffee. Upon some persons, however, it acts, for reasons which are not well knqwn, as a mild 
emetic. 

Cocoa ap])Ours in the market in throe forms, besides that of ohocolat : cocoa nibs, flake C(Woa, 
and Holuhle cocoa. Cocoa nibs are the roasted seeds from which tlie skins and hubks hav© been 
ronioved in a “ kibbling-mill.” They should bo of a dull, greyish-red colour ; but they are often 
coloured with Venetian rod. Flake cocoa is the purest of the other two varieties, since it contains 
no sugar and only a small quantity of starch ; it is prepared simply by grinding the roasted “ nibs ’* 
iu almll eonstruoiod of two metallic cones working one in.ide the other. Soluble cocoa is the form 
in wjiich the substance is generally used ; it consists of the roasted nibs ground up with varying 
proportions of starch and sugar, for the purpose of rei dering the cocoa readily diffusible in water. 
KSugo and arrowroot are the most wholesome ingredients, but much adulterated and highly coloured 
sturtjli of a»» inferior description is employed by second-rate makers, 

Ohocolat is cocoa made intr) a paste with sugar and certain flavouring ingredients, usually 
vjuiilln. It is plufisant and nutritive, but sometimes disagrees with weak stomachs. Good, 
unudulteratod cliocolat may be known by the following charactoristics : — It is compact, brittle, and 
of a reddish-browu colour. It bhf)uhl break only with a moderate effort, ami the fracture should be 
chain, and the grain fine. When worked into a paste, it should bo perfectly homogeueous. It 
should molt easily in the mouth and posscis.s a pleasant, fresh flavour. It sliould dissolve readily 
iu milk or wahT, leaving no residue. Uhocolat is made by crushing cocoa nibs in a mill, the 
rollers of wbicli are made either of slono or metal, and l»eated by sttam in tlio interior. By tl.is 
means, the fat or butter is melted, and tlio cocoa is softened into a thick, smootli* paste. To this 
paste is then added the required amount i>f sugar and vanilla or other flavouring matter, and the 
whole is well mixed together in a mixing mill until the mass becomes perfectly homogeneous, when 
it is mouhhd into vaihuis shapes. 

Ohocolat is made as a heverage by reducing the necessary quantity to a fine powder and placing 
it in a jug, or other receptacle, with a little boiling water. The whole is then well mixed and 
stirred up with a Hp(*oti into a thin pastt^, and the jug is filled up with boiling milk and water. 
Hugar nifiy cither be mixed in with th(3 paste or added afterwards in proper quantity. The drink 
ought never to bo ])r(q)urcd before it ia required for the table, since, on reheating, it not only loses 
flavour, but the oil or butter sepiirates and collects on the surface, which is generally the cause of 
the ill oir« ets produced by choeolat on weak stomach.^. 

Cocoa is iisufilly y>rcparod for Uie table by simply pouring boiling water upon the soluble 
powder. If the flaked variety or nibs ho used, they must bo j)laoed in boiling water and simmbrod 
genlly for from four to six hours. Great euro most be taj|en to see that the liquid does not boil, in 
Ollier that the albumen may not bo coagulated, and tto cocxia thus prevented from thoroughly 
mixing with the water. 

Cocoa beverage is an emvimn ; that is to say, it is a liquid which contains solid matter in 
BUSiHmsiori, and liimce may bo considered as food and drink combineii. While the liquid portion of 
tho bevcrt»go has almost ns exhilarating an cftcct upon the system as tea and coffee, the solid 
j)Ortion, consisting of carl>onnoeous and nitrogenous matter, is highly nutritive. 

Coffee. (Fu., ClEii., Ao/(frT.) 

Coffee is ti decoction or infusion prepared from tlie roasted berries of the Cojfea Jm&toa, a plant 
largely cultivated iu Arabia Felix and in various other parts of the globe. Sj^ume notion of tho 
iiiqiortance of cf»fl’c(j as a l>ev<Tago may bo gained from the fact tliat forty milUous of pounds ore 
consumed annually in tho United Kingdom, and it is said that tho annual oonsumptiou of the 
' tmtire world amount.H to the enormous quantity of six hundred million pounds, 

Tho chief constituent of coffw, to which it owes its peculiar effeOts, is caffeine^ a powerful alkaloid 
identical with theino and closely resembling iheobromiue. It also contains iaunlo oold and small 
quantities of a bitter aromatic oil. The action of these constituents is stimulating, tonic, and ex- 
hilarating, without producing any unpleasant aftor-ei&'ois. They promote digestion, raise the 
spirits, and are strongly anti-soporifle. Ooffeo berries undergo impoitant dutiug tho 

process of roastitig. It is carried on tmtil they have changed to a ch©stntit-hli>i# 

18 per cent. In weight, but it should not be stopped before, or carried fartiieJ^ point. 
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of the coffee oiwl to render the berries lees 
ifeogby m be ees^r ^ e hesi removes the iH^onliar 

pHnetpiSB wbM it H dssixed to retuii^ eoafikrttng thm into others of disagreeable davour and 
o^tir ; toe iittbi heathen the other hand, produces i’av, gttm^ and fiavoaiiess berries, the infusions 
of irhi^ are tmjpalfltftble and liable to cause vornlting. 

Cbiibb is tardy sSade in a proper way in England, The chief characteristics of English-iutulo 
Ooffee am v»liakness and lade of flavour, owing tolho fiict that it is invariably made as a de<'oction 
instead of an ^ftision; that is to say, instead of allowi^ig the powder to diff&st, simply, in hot water, 
it is ahnost always boiled, often fov a oons’derable length of time. It must not bo supposed, 
however, that the boiling is in itself objectionable ; that this is not the case is suiBciefitly proved 
by the ft»t that the verj beet coffee is made making a d*:>coelion of one half of the powder, and 
nh illluebwi of th!^ other half, and then mining the two liquids ; but if tlie whole of the coffee is 
b6d)i»d Wihe pot, it loses its delicate flavour, becoming rank, and quite unpalatable. 

The 'French succeed far more intelligewtly in their metlmds of making this infusion, and the 
superiorly 0 ^ the French coffee over that made in England is everywhere acknowledged. Tho 
object is^ by, treating the powdered coffee with boiling wnter, 'to esitraot the whole of the sol ii bio 
const^Q^ts of the berryy or those 'n which itc peculiar flavour or aroma are contained. In tho first 
place, tlit^ French tadce much larger quantities of the coffee than is customary in Eijglan<F; tho 
propmrticgis used being about one ounce of the j)Owdor to oooh breakfast-cupful of water ; if tho coffeo 
be required very strung, this proportion may be doubled ; tho addition of a toaspoouful of Poshly 
ground and roasted cliioory is thought by some to improve tiie flavour of the bevorago. Tho coffejo 
Is generally both freslily roasted and ground. Whoa the berries have been well roasted, tho 
product, after treatment with boiling water for a few minutoi^ should contain tho whole of the 
flavouring, and a few other soluble constituents. It is the custom Jn France to improve the 
quality of the drink by pouring a little boiling water upon the exhausted “ grounds,’* allowing it 
to macerate until cold, then boiling tho separate liquid and iirfing it for making infusions of fresh 
coffee. In cafi^s, the grounds made duiing the day are afterwards mixed together in a pot, and 
boiled with water : the decoction thus made is added in small quantities to the infusions of fresh 
iX)ffee and it much improves their quality. 

In order to remove the suspended grains and to render tho coffee perfectly clear, a little isinglass 
or white of egg may be added to ft; these, however, diminish tho astringenoy and vivacity of tho 
oofi^ In France, it is customary to effect this by pouring a little cold water upon tho surface of 
tlie hot coffee in the pot; the cold water being heavier than the hot liquid underneath it, sinks at 
once, carrying with it all tho suspended matter. In Arabia, a cold, wot cloth is often wrapped round 
the pot for tho same piirposo. 

The best and most convenient form of coffee-pot is called a “ percolator,*’ and is the invention of a 
Frenchman named De Belloy. It consists of two metal vessels, placed one above the other, the upper 
one being made to fit into tlie lower one. The bottom of the upper vessel is perforated with 
numerous very small holes. Tho jiowdered coffeo Is placed in this, and boiling water pourod over 
it, the lower vessel receiving the bevemge ready-mado. After removing tho upper vessel, a litilo 
of the decoction made, os already described, is added, and tho coffee is clarified as above, when it 
is ready for the table. 

The addition of milk to coffee is said to destroy much of its tonic properties. 

Oinger-beer. (Fn., Bidre de ging<mbre ; Oeb., ingwerbier.) 

Ginger*beor is a cooling and refreshing beverage containing an infusion of ginger, and is strongly 
effervescent. Being very wholesome and cheap, it has become a fkvourite summer drink among 
the lower classes of society. It is often rec^immended os a rostomtive after fatigue. Below are 
given several good recipes for its preparation on a large or a small scale. 

1. Best lump-sugar, 1 lb. ; Jamaica ginger, unbleached and well bruised, 1 oz. ; two or three 
siloed lemons ; cream of tartar, f oz. ; boiling water, 1 gallon. Macerate until nearly cold in a 
ooverod tub or clean vessel, with constant stirring; add or 2 oz. of yeast, and place tho vessel 
in a Warm place to ferment. Allow to stand until the next day ; then decant the clear liquor and 
strain it througUa piece of flannel; allow to ferment again for a day or two, according to tho 
weather. It may then be skimmed, strained, botUed,*and securely wired down. 

2. White sugar, If to 24 lb. ; Jamaica ginger, IJ lb. ; Narbonne honey, 1 or 2 lb. ; lemon or 
lime juice, 1 quart ; pure soft water (which has be^n boiled and idlowod to settle), 18 gallons. Boib 
the gingw in S gallons of the water for half^'an hour; add the sugar, lemon juice, honey, and tho 
remainder of the water, and strain the mixture as abovp. When nearly cold, add the white of one 
egg and i oz. of essence of lemon ; stir well for half an hour. Allow to stand from three to six 
days, according to the weather, end bottle it, placing the bottles on their sides in a cool celiur. 
The ginger-beer is ready for use in aibottt throe weeks, and will keep several months. 

8. Beat white sugar, S lb. ; Barbodoes ginger root, 12 oz.; gum-arabic, 8oz.; tartaric acid or 
czeiun of tartar, 8 oz. ; eeaenoe of lentomih 2 dj^hms; w^r, D gallons. Boil the ginger root for 
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Ldfatt hmv; atrain the add the tartaYic aqid naai iQgwr; !wil W€H» 

add the gum-ambic, diisolved in a sepamte portion ,1the water^ and the esaence Oflmoui : aibw^ 
to cool to ahont 58® (100® F,) ; add a little fireah yeast, and oaref^y ferment as above.. The hqtior 
may then be bottled for aso. ;v , ; 

liemoUade. (Fa., Zt/no8ad<r; Zfmonade,) 

^ The manufuctuK} of effervescing lemonade on a large scale has been fully treated of tinder 
Aerated Waters. But it is often required to produce this beverage on a small scale, Dm: domestic 
nse. Its agreeable flavour and very, refreshing effects render it a favourite drink in hot weather^ 
especially for children. And, in oases of fever, it is of great use as a refrigerant and entlseptlo. 
The following recipes fur its preparation are theroforo given : — 

1. Sliced lemons, two in number; sugar, 2^ oz.; boiling water, IJ pint. Mix well; cover the 
vessel and allow it to stand until cold, stirring it occasionally. Pour off the clear liquid, and 
strain through a muslin or hair sieve. 

2. Juice of three lemons; peel of one lemon; sugar, IJ lb.; cold water, 1 quart, Digest for 
five or six hours, or all night ; then strain as above. 

8. Citric acid, 1 to I J drachm ; essence of lemon, 10 drops ; sugar, 2 oz. ; cold water, 1 pint. 
Mix well together and stir until dissolvetl. 

hfado as above, lemonade is a very refreshing and wholesome beverage. Instead of the citric 
acid the lost recipe, tartaric acid is soinetimos used. Lemonade for icing should contain a 
larger proportion of sugar than is indicated in the above recipes. 

The refreshing effoots of lemonade are greatly increased by aeration. Aerated lemonade may 
be made, in small quantities, without tins aid of machinery, in the following ways : — 

1. Place in the buttles 1 to 1^ oz. of lemon gywip; essence of lemon, 3 drops; bicarbonate of 
sods, i drachm. Then nearly till the bottles witli water, having the corks ready prepared, and add 
to C3ach bottle 1 drachm of crystallized tartaric acid, instantly corking and wiring it. The bottles 
should bo kept inverted in a cool place, or preferably in a vessel of ice-cold water. In this recipe, 
instead of lemon syrup, f oz. of lump-sugar may be used. 

2. Lump-sugar, 1 oz. ; essence of lemon, 3 drops ; bicarbonate of potash, 25 grains. Fill the 
bottles with water and proccjed as before, adding of crystallized citric acid, 45 grains. This recipe 
gives a more wholesome beverage, especially for the scorbutic, dyspeptic, rheumatic, and gouty. 

The following arc recipes for lemonade powders ; — 

1. For one fjlass, — ^I*owdered citric or tartaric' acid, 12 grains; powdered white sugar, J oz. 
essenco of lemon, 1 drop, or a little of tho peel rubbed off on to a lump of sugar. Mix the whole 
well together. 

2. White sugar, 4 lb. ; tartaric or citric acid, 1^ oz. ; essence of lemon, J oz. Mix well and keep 
in a bottle for use when required. One to two dessert-spoonfuls make one glass of lemonade. 

3. Fjfcrvemiui , — For tlie blue pa|)ers, powdered white sugar, 1 lb. ; bicarbonate of soda, J lb,; 
esaonee of Ic^nion, 1^ drachm. Mix well and put up in six dozen papers. Then put up 5 oz. of 
citric or tartaric acid in six dozen white papers. Or the two powders may bo kept in separate 
bottles. 

On tho Continent, mineral lemonade is the name given to various beverages, consisting of water 
to wliii'h alittlo mineral acid has been added, and sw eetened with sugar. Thus they have limonads 
nnfj>huriqu(\ chlorhydriqne, nUrkpw, phosphor ique, &c. ; these are used as cooling drinks in cases of 
fever, itiilummation, skin di8ett8<'8, Ac. 

Spruce-beer. {Fn.,Supiiuiia; Sprossenfjwr,) 

Hpruce-beor is a cooling and refreshing beverage, made from ossence of spruce and molasses or 
sugar. l’her<* arc two kinds made, the brown and the white, the latter being generally used and 
prv'ferahle to the other. It may be prepared by dissolving 7 lb. of loaf sugar in 4^ gallons of hot 
water, W'heu tlie heat has fallen to about 32® (90® F.), 4 oz. of essence of spruce is mixed in 
and dissolved })erfoctly by agitation. Half a pint of good brewer’s yeast is then added and mixed 
thoroughly. In summer, fcrraeiitHtion speedily sots in; but in winter, it should be excited by 
keeping tin? cask in a worm place. When the fermentation slackens, tho liquor is drawn oft, the 
cjask well washed, and tho liquor returned to it A new fermentation soon eomnUnoes, and, when 
complete, the liquor may be bottled. The bottles should be wired; and in order that the liquor 
may mature <iuiokly, it is advisable to place them on their sides until it hili boeome brisk ; then 
iliey should be sot on end to prevent them from bursting. 

Browui spruce is made iu the same way, brown sugar or molasses being substituted for loaf 
sugar. « 

Another good recipe for spruoo-beer is the following Essence of spruce, | pint ; pimento 
and ginger (bruised), of eaoli, 5 oz. ; hops, ^ lb. ; water, 3 gallons ; b<dl the whole Ibr ten rntnute^ 
then add of moist sugar, 12 lb, ; warm water, 11 gidlons; mir; well, and when lukewarm, id d 
of yeast, 1 pint. After the liquor has fermented for al^ut twenty^forur hours» it may Im bottled. 
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Sprai^b&if M SoreSlo Ikii^ Ik la an a^reeaUe diisk in samnicr, aud iseonaiderad 

il^tkmliurly miefyl dxawg hm^ seanroyagos^' ^ 

®©a. (Fb^ 

Tea ia an infoaion of the dried leaTOS of the Ghinaee tea^plania Sci^a*37i^ vtridiSf and othera. 

Of all the beToregea. of this olaae, tea ia by far the moat exteuaively <lrimk in this country ; 
upwards of 140 miliions of pounds are apnaaliy consumed in the United Kingdom ; the total impoA 
of tea in 1876 nearly reached the enoimotis quantity of 186 milHons of pounds. On the Continont, 
however, tbe consumption is very small as compared with that of coffee. 

Th^ principal constituent in tea is Umm, Besides this, it is found to contain a volatRe oil, to 
which its aroma is resin, gum, extractive matters, nitrogenous substances analogous to 
albumen, various salts, and an alkaloid called which is identical with the oafeim of coffee ; 
the proportion of nitrogen in the dried leaves is from 6 to 6 per cent. Of the total constittieuts, the 
amount soluble in boiling water varies from 88 to 47 per cent., and dopends chieffy upon the age of 
tiie leaf. 

The action of tea upon the system is stimulating and invigorating. It is an agreeable antacid, 
and is exceedingly refresh inj^ if (lltunk when fatigued or after exercise. The proper time to drink 
tea, and when its effects are most boueflciftl, is about three hours after dinaor. At this tiirioftho 
digestion of the meal is just complete, and there remaius iu the stomach an excess of gastric juice 
which creates an uneasy sensation unless it is neutralized by a mild antacid such as lea or efiffee. 
For this purpose, the simple infusion, containing no milk or cream, or very little, and no sugar, is 
best adapted. 

The presence of the alkaloid theine in lea has the remarkable effect of sensibly retarding tho 
waste of the animal body, aud thus of diiuinithing^he necessity for food to repair it in an equal pro- 
portion. In other words, by the consumption of a certain quantity of tea, the health and strength 
of the body will be maintained in an (mjuuI degree upon a smaller supply of ordinary food. Tea 
therefore stands to a certain extent in the place of food, while at the same time it refreshes tho 
body and stimulates the mind. Tannin probably aids also in tho exhilarating effects produced by 
tea ; it imparts to tbe infusion an astringent taste and a somewhat constipating effect upon tho 
bowels. 

The practice of “ facing *’ tea, as it is termed, cannot be too strongly condemned. Formerly, 
large quantities of f russiun blue wore used in China to impart a fictitious colour to green tens ; 
about 1 02 . being used to 14 lb. of tea. More recently it is said that indigo has been substi- 
tuted, in consequence prcjbably of tbe injurious cffi;cts which European writers have described 
the Prussian blue as possibly jiroducing on the constitution of gfeen-tea drinkers. Less doubt 
exists as .to the pernicious qualities of an adulterated tea largely manufactured by the Cliinose, 
under the narno of Lie tea. This consists of the sweepings and dust of the tea-wareliouHcs, 
cemented together with rice-water and rolled into gr-dns. Those adulterated teas have been 
imported iuto this country to tbe extent of half a million pounds weight in a single year. In this, 
as in other similar cases, the poorest classes, wlio can leant afford it, are the greatest sufferers from 
the fraudulent introduction of tlic spurious mixture into tho teas they buy. Black teas are some- 
times faced with fintdy powdered plumbago or blaoklead. 

The common way of making the infusion is well known to everyone. The tea is placed in a tea- 
pot, is previously heated with hot water, and covered with boiling water. This is allowed to infuse 
for some minutes, and the teapot is then tilled up with boiling water as required, If tho water bo 
boiling when poured upon the tea, as it always should be, about ten or fifteen minutes suffice to 
extract the wliole, or nearly tbe whole, of tho solnble constituents. 

Toddy. (Fb., Toddi; Geb., Toddy.) 

Toddy is the sweet juice obtained from various trees of the palm species. When the trees are 
required to yield toddy in place of fruit, the flowor-stolks are, when just effloresoont, cut olf, and 
a deep incisian ia made in the stump, from which, after repeated beatings, the toddy flows into 
vessels hung beneath to receive it. One tree, when full-grown, will sometimes yield as much as 
six pints of toddy per diem. 

Toddy, when qiffte fresh, is a cool, delicious, and wholesome beverage ; after standing a few houra» 
it ferments and becomes highly intoxii^ating. It serves extensively as yeoot, and througliout 
Ceylon, no other is em|doyed by the bakfffs. A kind of vinegar is also prepared from it which is ^ 
used for pickling gherkins, limes, the undeveloped leaves of the ooooa-nut and the palmyra trees, 
aud various other vegetable substances. By fhr the larger quantity of toddy made is used In the 
manufacture of a species of sugar, resemblii^ ntaple sugar, of which it is said that upwards 

of 1000 tons ore annually made in Ceylon, According to Forbes, three quarts of toddy w01 priKluce 
1 lb. of joggeiy. In Jaffna, the unfonnentod juice is boi|^ to the consistenoe of o thick syrup ; 
this is poured into baskets made of plaited palxn-leaveai vrhen, on cooling, it erystallises into 
jaggeiy. In these baskets, the jaggery is kept for hq^e consumption, or exported to other 
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lands to bo leflned. Jaggeary toms an a!iii3lo''-^.'iSS^ciroe 

Vinces of Bunnab, and is also of iiaportono© la tbo islands of tbe 

Besides being exported in large quantities from Ceylon^ it foms a considerable 

of the Tamil population of Jaffna. Amongst a variety of purposes to which it is 

mixed with the white of eggs, and with lime firom burnt coral, or shells. The restdt is A 

ocment, capable of receiving so beautiful a polish that it can only with diificulty be dis^bgui^ed 

from the finest white marble. 

Water. (Fu., Bau ; Geh., Waaser.) , , 

In anjirticle on Beverages, water claims to occupy a prominent position, both On ftccouut of its 
own importance as a common drinh, and by reason of its forming the basis of numerous otheWM 
Besides, though water for drinking purposes is not manufactured or prepared, it iS nevertheless an 
article of commerce, since it must be puroliased by its consumers from the water companies which 
collect and supply it, and paid for in much the same way as any other article of food or of daily 
consumption. For this reason, also, it could not proi>erly be omitted from the list of commercial 
beverages. 

I'ho primary source of water is the sea ; but all fresh water reaches us through the medium of 
theiplouds, which are water in a state of vapour suspendotl in tlie atmosphere. A gigantic process 
of distillation is continually going on, owing to the evaporation of the water of seas, rivers, lakes, &c., 
by the heat of tho sun. The vapour of water thus formed is recondensed by contact with a colder 
atmosphere above, and falls hack to the earth in tho form of rain, snow, and hail. In this way, 
tho earth is furnished willi a constant supply of water distilled from the ocean by the agency of 
tlio sun and the natural heat of tho earth. As it faUs tlirough the atmosphere, rain absorbs a 
ormsichirahlo quantity of the free gases existing- in it, and hence becomes aerated with oxygeui 
nitrogen, andcurbonic acid in varying proportiotis. Rain water is a powerful solvent, and therefore 
always contains more or less matter in solution, together with small quantities of dust which float 
alK)ut in dry air and are washed down by the first portions of the rain. Besides tho free gases of 
which the atmosphere is composed, there are many gaseous impurities present, of which traces 
are invariably found in rain water ; these, however, are generally in such minute quantities 
that, if free from suspended matter, rain water may be practically considered as pure. If it is 
caught in basins or tanks, and storecl for any length of time, especially with exposure to the air, it 
soon bocomos foul and impure by tho introduction of foreign matter containing seerls or germs, too 
minute to bo visible, but capable, under the influence of light and heat, of loading the water with 
myriads of living organisms, which die and become putrid. In this state, water is wholly unfit for 
drinking purposes, and it must be carefully filtered before using. Rain water, owing to the absence 
of saline matters, is more favourable to tho production and development of these organisms than 
water obtained from rivers, brooks, and springs, and should therefore never be used after long 
exposure to the air. Soft water, containing carbonic acid gas, exerts a solvent action upon lead ; 
bonce tenks and pipes of these metals should never be employed. The insipid oharacJ:er of rain 
water and its liability to develop organic life render it unsuitable for goiieral use as a beverage. 

The water in lakes and ponds which are not supplied by running streams is rain water caught 
and retaincMl in nuturol depressions of the earth, or in valleys closed at the lower end by oome 
obstacle. Here it comes into contact with the soil and with vegetable matter, and becomes charged 
with organic impurities; those, however, are not injurious to health unless they ore permitted to 
btKsomo jmirid. The vog(jtable life so abundant in most lakes and ponds of large si«e gives off mnoh 
oai l)onio acid gas, which is retained in solution in the water, and this gas renders it much brisker and 
fresher to the taste than ordinary rain water. That tho water of ponds is better fitted than any other 
for drinking purixwos is clearly shown by the fact that the instluot of cattle loads them to prefer it 
to running water, or to rain water caught in tubs, and that they are more healthy when they have 
access to tho former kind. 

Rain water which fulls in hilly districts and on the siles of mountains collects in streams and 
brooks, of greater or less size ; these gradually unite, forming rivers. In such waters, the impurities 
are often visible to the cyo. It is frequently of a red colour as it flows through rocks of red marl, 
which coutaiu much oxide of iron in their composition ; it becomes milky in colour as it descends 
frtim tho glaciers of Iceland or tho slopes of the Andes, owing to the fine white ssmd which it takes 
up in its oourso. Many of our English rivers are grey or brown in colour; they are brown when 
running through a peaty or boggy country ; and when tho quantity of suspended vegetable matter 
is excessive, they are sometimes quite black to ilie eye. Only when perfectly dear, is the blue 
colour nutural to largo masaes of water didinctly peroeptiblo. But among the rooky and other 
materials with which water comes in contact in^ and upon the earth, there are many which it can 
dissolve, and tlie presence of which cannot be detected by tlie sense of sight. Henon# the, clearest 
and brightest of waters—thoso of springs and transparent rivers — are never oheihii^liy pure, even 
when filtered ; they all contain in solution a greater or less quantity of itometimes so 

much as to give them a decided taste, aqd to form what ore called mineral watonn Tho following 
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gfifJm <*£ ^Itd i*i«Mwr «(mtainfid In th« wattti^of 


]^qj9t(%0^fi(;} ^te^^wbrlc# .. 1*22 grains. 

BitQr> Id^ssanhiisetts 1*67 » 


Balaliska \.. .* 1*95 

Lodih EAtrine.^ 1*06 „ 

Thirlmm *S*60 „ 


SohnyilUll Biver, Philadelphia 4 * 26 


Baiiott Btm,' lICiehigM .. 5*72 grains.' 
Ohio^ afe CindnnaU .. .. 6*74 

Spree, ai Berlin .. .» ,. 7*08 

Loire, at Orleans 9*38 ,, 

Danube, near Vienna .. .. 9*87 », 

Lake of Geneva 10*64^ „ 


' V ' ''L 

Llin0 ih obmblnntion with carbonic and sulph irio acid is tbe most oommon impurity in stream 
and rivar limter ; ahd it is to this substance; and to maguoaia that sii^swater owes the property 
termed ** l^rdneBs,” or that of curdling with soap. Pure waters are iil#ays soft; and from this 
quality thJ^absence may bo inferred of any large proportion of lime and tnagnoaia salts. 

Waters i^tttaining much lime are often bright ami sparkling to the eye and agreeably sweet to 
the ^ite. ihey become somewhat milky when boiled, and. leave a sediment which encrusts the 
inside of kettles or bollera Wh|r strongly impregnated with lime, they will even depo«^ a 
oaloareotta ^oating alon|^ their channels as they flow in the open air, or will petrify, as it is termed, 
any substances immersed in them. These ciroumstanoes are due to the fact that the lirno is hold 
in solution, in the wiiter by the help of free, dissolved carbonic acid gas, and when this gas is 
ptoaitted to escape or driven off by boiling, the lime can no longer bo retained in solution, and it is 
accordingly deposited. Hard waters, therefore, me generally made much softer and purer by 
boiling. If; however, much lime be present in the state of sulphate, mere boiling will not soften 
it, but if a little soiia be added during the boiling, the sulphate will be decomposed ami readily 
separated. A good and cheap method of softening hard waters is now being carried out by several 
of the largest English water oompaniea. It is known as “ Clark’s process,’* and consists in adding 
lime water to the water already contaliiiug lime. The lime added combines with the excess of 
carbonic achl gas, which holds in solution the lime present in the water, and the latter portion, 
and also the newly formed carbonate, are precipitated to the bottom of the tank or reservoir. 

It will thus be seen tliat the water which collects in hilly districts and flows in streams and 
rivers through all kinds of country and over many ditferent rocks and soils may, and generally docs, 
contain organic and saline matters both in solution and in suspension. It is not, therefore, to bo 
.recommended for drinking purposes until it has been s(^ftened and Altered. 

Spring and well water is that whioli falls upon and filters through porous rocks. Owing to the 
carbonic acid which it contaius, it dissolves a largo quantity of saline matter as it filters through 
the different strata. In its downward course, this water sooner or later reaches a stratum which 
it cannot permeate, and is honoe brought to a stand. If, however, the stratum happen to lie 
on an inclined plane, the water runs along it, and ew ni^ially issues from the earth where the 
rock crops out. It is in this manner that all springs and wells are formed, the latter being 
constructed by digging through several strata until one is reached upon which water is standing, 
or over which water is flowing. 

As we have already seen, the solvent properties of water enable it to take up many substances 
from the rocks and soils through which it passes, and it often happens that in the neighlx)urhood of 
dwellings and farmyards, and especially in towns, the wakr of shallow wells becomes very impure, 
and consequently unwholesome to^drink. The rains that fall upon the filth accumulated in towns 
wash out the soluble substances it conbiins, carry them into the soil, and through this, by degrees, 
to the wells by which the wants of the inluibitants are supplied. This has often boon productive 
of seiious and fatal disease. Hence arises the necosbity of preventing, as far as possible, the 
accumulation of refuse, and, whoa such accumulation is unavoidable, of placing it at the greatest 
possible distance from wells which yield abater for daily use. And hence, also, the advisability of 
bringing water from a distance for the supply of largo towns. 

The proximity of graveyards to wells and springs from which drinking water is obtained is still 
more liable to render the water unwholesome by charging it with all kinds of objectionable matter. 
Water fi*om a-'weU standing close to an old churchyard in the neighbourhood of I^ondon, and 
analyzed by Noad, was found to contain tlie enormous quantity of 100 grains of solid matter per 
gallon, more than half of this consisting of nitrates of lime and magnesia. The presence of those 
salts in such quantity could only bo traced to the proximity of the graveyard, as they are 
invariably produced by the decay of animal matters Ju porous soils. Well water frecjuently 
contains vegetable matter also, and of a kind which rend^ it ^olly unfit for drinking purposes. 
In sandy districts, the decaying vegetable matters of soil are observed to sink down 

and form a thin yellow layer in, the subsoil, which is imj^rvions to water. Being arrested by 
this layer, the rain water, wh# resting upon it, takes ^ a Oertain quantity of the vegetable 
matter ; end when collected in H is dmrk^^cd marshy in taste and smelV end very 
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xmwhxAemmi)* Purifix»4loil of f^ob wnter maf he «£^led by filiorbtg ;it W ^ . 

puitinig chips of oftk wood ioio it Or U may be boiled, thus causing the {o 

coagulate^ as it were, and to collect in flocks, when the water cools, leaving it lylk^Ofiome and 
nearly free from taste 4nd smelt ITiia piroperty of being coagulated by boiling, and t^'the taimm 
contained in oak wood, show that the organic matter in water is of an albuminoiu (Ammeter, or 
fcscmbles wlute of egg. By coagulating, the orgauic substances not only fall themselves, but oarry 
down other matter, thus completely clarifying or purifying the water. 

Thc sources from which country villages are supplied with drinking water are almost always shallow 
wells, ea<jh house or cottage having its own. As a rule, no care is taken to prevent the water in 
these wells from being contaminated with foul organic refuse, and hence it is rarely flt for drinking 
purposes. In some cases, manure heaps, pigstyes, and even cesspools, are permitted to remain in 
close proximity to the w^i which supplies whole families with water for drinking, cooking, and 
other purposes. Water fpom such wells is not only unfitted for consumption, but, from a sanitary 
I>oint of view, absolutely dangerous. If it bo impossible to avoid the contamination of th© water 
in these wells, the best and safest plan to adopt in villages would be to establish one large deep 
well for the supply of tho wholt^, placed in such a position as to bo readily accessible and yet far 
remt>ved from all chance of pollution with sewage and other injurious foreign matter. In tl»e 
largt r villages and towns, tho supply is obtained either from such deep wells or from a neighbouring 
stream or lake, tho water being purified some times by filtration through a bed of sand or gravel, 
and tlicn (souducted by means of underground pipes to tho dififerent streets and houses. Water 
thus supplied is, of course, much more wholesome than that obtained from shallow wells, but it 
is well never to use it for drinking purposes without careful filtration through a carbon filter, in 
ord(ir that any accidental impurity taken up in tho underground piiX)8 may bo removed. 

Many moans have been adopted of removing impurities from natural water, in order to render 
it potable. Muddy water is easily rondt^red clear and bright by processes of filtration on a large 
stmlo. In places where the only available water is muddy, the purification is efiooted in what 
are termed “filtering tanks.** These consist of Inrgo, water-tight basins, on tho bottom of which 
is placed a layer of small stones ; alx)ve those is placed a sec^ond layer of coarse sand or gravel ; 
over this agaiu a layer of fine sand, and at the top a layer of river sand. The muddy water is 
inlr<Kluot?d from al)ovo and filters through tho several luyt'rs, collecting in the bottom one. From 
theuc<5 it passes into reservoirs, or shafts built vertically in the basin, and having their walls so 
perforated at tho lower extremity tliat nothifig but filtered water can pass through them; this 
water is pumped up from the shafts when re<iuirod. Iron tubes j)crf<)rated below arc sometiiiK's 
used instead of tfio brickw'ork reservoirs. Tim greater portion of the suspended impurities con- 
tainid in the water is retained in tho uppermost layer of sand, which has, consequently, to b© 
renewed from lime to time. 

In onior Ui remove dwaying organic mutters orimpuro gases hold in solution, powdered chai'coal 
is frc<iuonily used as the filtering medium. In this way, not only are all suspended mutters elimi- 
nated, hut water which is coloured brown and possesses an offensive taste and smell, from the 
pri'soTico of the above mattors, may bo rendered clear, tasteless, and inodorous. The cost of the 
charcoal, howtwer, which soon iKiComos impure and useless, prevents its application to this piirposo 
on a large scale. And it is possible that charct)al which has become saturated with organic impuri- 
ties lit a low tompomturo may give uj» a fKirtiou of tlm absorbed substance when the water to be 
liltered has a higher temporatiuc. Carhou filters are frequently used on u small scale with great 
advantage for ti»e filtration of iiupuro waters. (See Filtration.)* 

Drinking water should be clear and colourless, that is, absolutely free from suspended im- 
purltioB, such as clay, organic matter, &o. It should contain small quantities of dissolved carbonate 
of lime, chloride of sodium, oxygon, and carbonic acid gases. It should not contain any salts of 
lime and magnosia, oxc(q)t tho carbonates, nor tho smallest tmeo of any nitrates from which tho 
presonoo of ammonia or nitrogenous organic matter may be inferred. When drinking water is 
boiled to dryness, it sliould leave a residue of from 10 to 80 grains of solid matter for every 100,000 
grains of water, and of this quantity about one-half should be carbonate of lime. Water containing 
loss than 10 parts of solid constituents in every 100,000 is soft and insipid, and loss fitted for 
drinking purimscs than that which contains a higher proportion. Of the free g&ses held in 
Buhitiou by tho water, it should always contain 0*8 per cent by volume of oxygen, 0*7 per cent. 
of nitrogen, and a oonsiderable quantity of free corhonio acid. Suspended and organic impurities 
slitmld invariably be removed, if present, by passing the water through a carbon filter. Indeed, 
no water should ever be used for drinking purposes, especially in large towns, which has not been 
subjected to careful filtration. » 

Water that is to be used for brewing ales and porter should contain a cons^d©itd4e quantity 
of saline constituents, and principally of carbonate and sulphate of lime ; that Used in browing 
the imt Burton ales contains from 10 to 30 grains per gallon each. Conmioii Mi is also a 
valuablo oonsUiuent. There shouUl be no organic matter, Analll^sosOf some l|bq hast waters lor 
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itfl be Jb&d in the ftttibte on Beer. f'o«'#ii;ie>xaalcing, the water employed should contain a 
smatiw of mineral ^^usbtuents thim that requUed Ibr bi^. The very best would be rain 

watoTf to lAibh ithe neecraary proportioa^of the iaUs haa been e^ded. This, howeyer, 

would be impo^ble in pTactice» and it is found most cdbve:^ent to use river or stream water, the 
compositwn .of wbioh is known and may be constantly relied on. The water of springs, or of 
stagnant ponds an^ marshes, which might contain putrid organic matter, either in suspension or* 
solution, inuSt not on any account be employed. The ame conditions apply to water which is to 
be used in pre|*aring whisky, or other spirit ; it should contain a small proportion of mineral salts ; 
it should be free from^organio matters ; and it should always be clear and bright. For^makiug 
infhsions of and oofT'^o. the most snitable is a soft water, or one containing no salts of lime, or 
very little. Bain wiaiter, carefully filtered, is the be nt for this purpose. 

Below ai^ given some typical analyses of waters obtained from the teercnt sources described, 
namely, lakes, rivers, and deep wells * 


Thirlmero Lake (in 100,000 parts)* 


^otal solid impurity . * 

.. 2-66 

Nitrogen (os nitrates and nitrites) 

0 002 

Organic carbon .. .. 

.. .. 0*194 

Total combined nitrogen . . 

0*008 

Organic nitrogen . . . * 

.. .. 0 004 

Chlorine .. 

0*52 

Ammonia .* .. 

.. .. 0003 

Total hardness 

0-70 ' 


The Thames, at Twickenham. 


Total sol id contents 

.. .. 32 01 

Sulphate of potash 

0*95 

Carbonate of lime . * 

.. .. 18*23 

Chloride of lime 

2*50 

„ magnesia 

.. .. 1*47 

Silica 

0*89 

Sulphate of lime .. 

.. .. 0*64 

Organic matters 

4*97 

„ soda .. 

.. .. 2*86 




The Seine, above Paris. 


Total solid contents 

.. .. 17*90 

Sulphates of soda and magnesia 

1*00 

Carbonate of lime . . 

.. .. 9*20 

Chloride of lime . . . . . . . , 

1*00 

„ magnesia 

.. .. 3-90 

Silica, alumina, and iron . , 

0*80 

Sulphate of lime . . 

.. .. 2*00 




The Rliino, at Strossburg. 


Total solid contents 

.. .. 23*18 ! 

Chloridt3 of soda ,, ,, ,, 

0*20 

Carbonate of lime . . 

.. .. 1350 i 

Nitrate of {K>titsh 

0*38 

„ magnesia 

.. .. 0-51 1 

Silica 

4*88 

Sulphate of lime . . 

.. .. 1*47 

Alumina 

0*25 

„ soda .. 

1 

.. .. 1-35 ! 

Iron 

058 


The Rhone, 

at Geneva. 


Total solid contents 

.. .. 18*20 

Sulphate of Koda . . . . 

0*74. 

Carbonate of lime 

.. .. 7*89 

Chloride of soda 

0*17 

„ magnesia 

.. .. 0*49 

Nitrate of soda 

0*85 

Sulphate of lime .. 

.. .. 4* G 6 

Silica 

2*38 

„ magnesia .. 

.. .. 0*63 

Alumina -• .. 

0*39 


The Danube, 

at Yieona. 

Total solid contents .* 

.. 12*62 

Sulphate of mognesia 

1*57 

Carbonate of lime 

.. .. 8-37 

Sulphates of scnla and potash . . 

0*20 

„ magnesia 

.. .i 1*50 

SiUca .. 

0*49 

Sulphate of lime 

.. .. 0*29 

Iron 

0*20 


The Spree, at Berlin. 

Tot^ solid contents . . 

.. .. 11‘40 

Sulphate of potufdi 

0*60 

Carbonate of lime •« 

.. «. 6*80 

Qhloride of soda . • - . . - , , 

1*20 

„ magnesia 

.* 0-00 

Nifa*teofM)d» 

0*80 

Sulphate of soda .* 

0*60 

Alumini and iron 

1*30 




The tbrae following analyses, made by Professor Wanil)^ ate of samples ift^n from the deep 
w^ at Croydon, in Surrey. Ko. t is liM the w^ in llaterwcMks Ytrd; Bo. 2 ftom that in 
Mint Walk; apd No. 8 the Old ; they 9m ekpress^ in grains per gallon 



iao 


Total iK»lld contents .. 

Silica .. .. ^ .. 

C».rtK>uate of lime . . » . * . 


Total solid contents 

Silica 

Carbonate of lime 


^’otal solid contents 

Silica 

Carbonate of lime 
Sulphate of lime 
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29*3 



Caibonate of magnesia 

Mi 

1-2 



Qilorido of soda . . . . * 4 


17-8 



Sulphate of soda .. 



(2) 


itkJ " 

21-6 



Carbons te of magnesia 

m' 0«t 

1*0 



Chloride of soda . , , 

ro 

17-0 



Sulphate of soda 



( 3 ) 



21-6 

1 


Sulphate of magnosia .. 

4. 1-4 

trace 

1 


Chloride of soda 

.. 1*8 

14-1 



Nitrate of soda .. .. 

.. 1-4 

1*8 



„ potash .. .. 

.4 ri 


,\n analy^i8 of u well in the Red Sandstone at Liverpool gives the following figures :• 


« 

Total solid eon ton is 

Organic cnrlx)n 

„ nitrogen 

Nitrogen as nitrates and nitrites 


(Parts per 100,000.) 


26-400 

0-020 

0-020 

0-416 


I’otal combined nitrogen 
Chlorine 


Hardness 


Temporary 

Ponnanent 


0-48 

2*68 

4*00 

9-60 


The three following analyses, made by Professor Wanklyn, show the composition of the 
pplied to London by the West Middlesex, Now River, and Kent companies resjxjctively. 

is obtained from the Themes ui Hampton, the second from the Lea and other rivers 
0 third entirely from wells in the chalk ; tho analyses are expressed in grains per gallon 


Silica 

Cnrl)onute of lime 
Sul] (hate of limo 


West Middlesex Company. 


0-8 

12*9 

2-4 


Sulphate, of magnebia 
Nitrate of magnesia 
Chloride of sodium 


0- 

1- 

2- 


Silica 

Alninino, &o 0-14 

Carlionate of lime .. .. .. 12-70 

Sul[ihalo of limo .. .. .. ,, I’GO 


Nitnito of lime 1*0 

„ magnesia ,, 1*2 

Chloride of sodium 2*0 


New River Company. 
, 0-26 


Kent Company. 


Silica 0-75 \ 

Alumina, &c 0-22 1 

Carbonate of limo 16*30 ) 

Water 1-03 J 

Silica, alumina, &c 0*28 ' 

Sulphate of lime 5*87 

„ magnesia 0*93 

Nitrate of magnesia 1*20 i 

»» fioda 1-21 

Chloride of soda 2 '64 

Water 0*87> 


18 * 3 insoluble solids. 


12-0 soluble solids. 


Tho growing importance of deep wells as sources of drinking water , readers H necessary that 
tlio geological character of tho strata in which they ore situate should be Subject^ to Careful 
investigation, and a good deal of trustworthy and interesting informaUea ha« l>e«m gathered 
together on this head during the lost few years. The influence everted n|ptm thd water by the 
ditferciit strata thnmgh which it passes is very great, and hence the eubjeot is oueef considerable 
iinpi^rtance. In its descent tlirough tho dii^rent beds, the water passes down-wavds .'Wtth greater 
or less nipidity, according to the porosUj^ of the strata, until at length it reaches one which is 
impomieablo ; this stmtum forms a kind of floor upon which the water is stored^ the quantity 
depending upon the thickness and, oxtout of the strata above, and ^cir degrees ofpmMtjF* These 
imi>enm»ablo, or dry, strata have no influence upon the water which lies upun them than 

lissisting to store it. When such an imponnea^e bed lies upon the surface, the upon 

it, not being able to penetrate, runs away uud collects In brooks and sttuams ; hcuje, in distriots 
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^Inred tfm #f mA mftltei^ being tiins 
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mi p) Cp^'ini (Sreenaand; (2) I^ower Oioensandj ($} I>iwTbick and Portland beds;* 
(4) <3^ Wkg and tSldt; (5) Oolites luid upper Lias aauds; (6) Middle I4 «mS; and (7) New Bed 

Brnmm 

TbeNibBowing iabie sets forth the principal clia'ndbHstica ot these water-bearing atratat-^ 


lormsttoiks. | 

lairkrteai 1« Foct, 

Qtttilty of Water. 

gUalk I 

Upper Grtoesand 

CiS 

to 1000 

Hard- 

100 

„ 400 

Bather hard. 

I«)wei* GreemwiJid .. 

20 

„ 600 

1 

1 

iWbeok and Portland beds .. .. 

0 

„ eo 

Rather hard. 

. Coral Rag and Gri* . . , 

Great and Inferior Oolites 

200 

w 

„ 450 

M 9. 

Hard. 

XJpper Lias sands 

Marlstone or middle Lias 

20 

„ 200 

Soft. 

80 

„ 250 

Rather hard. 

New Bed Sandstone 

0 

M 2150 

Soft or variable. 

Lower Permian beds (alternating! 
chaiucters) / 

Variable. 

Soft. 


In endeavouring to ascertain the qualities of the underground waters derived from different forma- 
tions, it may be generally assumed that those drawn from limestone formations are hard,^^ and 
those from sandstone “ soft.” Oviing, however, to variations in the nature of some of the strata in 
different localities, and to the greater or loss proportion of carbonate of lime, caibonate of magnesia, 
salts of iion, &o., which they contain, the quality of the water from tlie same formation is linblo to 
variation according to locality. Altlmugh this subject has been fully dealt with by various authors, 
it may be well to give hero a brief summary of the results, as far as they have been ascertained, in 
different localities. 

(a) Water from the Chalk.— The percolation of the ram through this formation, amounting in 
propoition lo about one-third of the actual rainfall, is so exceedingly slow, that the water has 
abundant time to take up a large proportion of carbonate of lime from the rook itself, honco 
chalk water is naturally hard. It seems, from observations made on tlie chalk hills, that it takes 
Irom four to six months for the rain to reach a depth of 200 to 300 ft., so that the water which is 
drawn from this depth in summer belongs to the rainfall of the preceding winter. The total quantity 
of solid matter iu chalk water varies from 31 to 82-5 m 100,000 parts, of wliich IG'4 to 21 parts are 
carlionate of lime. In the case of largo works, this mineral ingredient can be dealt with by Clark’s 
softening process ; but for country vdlages there seems to be no plan of easy application for lessening 
tlie amount of calcareous matter, except that of boiling, by which tlie hardness is reduof d from 24 >7 
to 8-7 in extreme cases. Chalk water, though hard, is very suitable for many purjKises, especially 
for the important one of brewing. 

(b) Upper Greensand. — The water from the upper Greensand, which immediutely uridorlies the 
Chalk, is probably a little loss hard than that from the Chalk itself. 

(c) Lower Greensand.— The water from this formalion, which is separated from the upper 

Greensand and the Chalk by an impermeable stratum known as the Gault, is remarkably pure, and 
decidedly Samples taken from fire localities gave a mean result of 7*9 of solid matter in 

100,000 parts of water. Water obtained from this source is therefore very suitable for drinking 
pmposea, As the sands are generally loose and incoherent, tliey absorb nearly all the rain which 
falls on Iheir surface, except that given off by evaporation or imbibed by vegetation. 

(cO Oolite Limesitones*— The water from these formations, which are much iuterstratifled with 
sand-beds, U more or less bard, yet less so than that from the Chalk. Of the proportion of solid 
matter in lb© waters of the Oolites, that found in the fine brings of South Oorney, near Ciren- 
cester, which rise along the line of a large fault, may be taken as a sample. The total amount of 
solid matter was found to be 18 grains per gaUon, of which* 1*25 grain was of organic origin. 
The water from the ffeicm springs near Oheltcnbaiu, from the inferior Oolite, gave 0 gmins 
per gallon, of which 2 grains consisted of organic mattem the well at Tliames Head, sunk in 
the Great Oolite near Cirenoester, yielded water containing Id^tjyaius pat gallon. And the waters 
of the Chelt, near Cheltenham, which rise from springs at m base of the inferior Oolite, gave 
20 grains per gallon, of which 4 grains consistod of organic mattor* 

(c) New Bed Sandsfoue.-Next to the Ohsdk, the Itow Bed liudstone, including the Bunter and 

• 
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Ijoweor Kmpit divkiatis, k he most impsfiim 
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Wn made of tUeae wdlers in different looalitiee in the central and north-weeteim eeiplte^ ^ Itavo 
the meane of arriving at general oonduidons on this subject. 

The beds of the Bnnter Bandehme arc wonderfully adapted to act both as naton^ iftiy^imd mi 
reservoirs for that portion of the rain which sinks below the surface. This may be aiihniad e& (Me* 
third, on an average, of the actual rainfall; while in some districts — where the fonnationconsisisof soft 
sandstone, or unconsolidated conglomerate, devoid of a thick covering of drift clay — ^Ihe Opownt of 
absorption must reach well-nigh one-half the amount of the rainfall. Owing also to its tm|£!«rmliy of 
composition, and the absence of l)eds of clay or marl of any importance, the whole mass of rook below 
a certain level, and throughout a depth of several hundred feet in some districts, becomes wateri- 
logged ; and wells sunk therein do not, as in the case of the Chalk, generally depend for the.lr 
supply on the presences of fissures, water being nearly always found after the ** water-level ” of the 
immediate district hiis been reachf d. 

The amount of solid matter per gallon in the water of the Now Bed Sandstone varies from 6 to 
154grain8, when it has been taken from wells not too shallow, or from those which are^free from 
contamination by sewage pollution or other causes. It is to such a cause that the large proportion 
of saline and other ingredients in some of the Liverpool and Manchester wells, amounting in some 
instances to 24 and 30 grains per gallon respectively, is uttributablo. In general, the proportion of 
these ingredients occupies a central position between those of the Chalk and other limestone forma- 
tions, on the one hand, and tho surface waters of mountain districts, composed of Millstone Grit or 
of Bilurian rocks, on the other. 

Wine. (Fu, Vtn; G«e., Wem.) 

Wine is a generic title applied to a very large number of beverages produced by the fermentation 
of the juice of tho grape. Tho art of making these has been known and practised since the remotest 
ages of which we have any record. 

The wine of grajMSS is, and always has been, tho principal fermented drink of the soutliern 
European nations. In the United Kingdom, its consumption has been steadily increasing for many 
years; without tho aid of figures it would ho impossible te give a just notion of the immense 
importance of wine as a beverage in this country. In 18.57^ the total consumption was more than 
7,000.000 gallons; while twenty years later, in 1877, wo find that it has increased to the enormous 
amount of nearly 17,000,000 gallons. Owing to tho costliness of wine, its consumption is almost 
oxclusively confined to the upper and middle classes, beer and spirits being tho poor mau*s sub- 
stitute. In France, Spain, and Italy, whore beer is not largely drunk, and where wine is much loss 
exjwnsive, it constitutes, as already stated, the national alcoholic beverage, being consumed aliko 
by rich and poor. 

Tho coin^Kihitum and properli«"P of difleront wines aie influenced by a vast number of conditions 
and circumstances. Tho climate of the country, the nature of the season, the soil in Tyhioh the 
vines arc grown, the variety of grape, the mode of culture, the time of gathering, the treatment of 
the giilherod fruit, tho mode of fermenting the must, the temporaturo and length of time of pre- 
si*rvittion, — all these, and numerous other considerations of minor importance, have a direct infiiience 
up<m tho composition and quality of wine. All wines, however, contain alcohol, but in widely 
varying proportions, sugar, and ceitain flavouring ethers to which tho peculiar bouquet or aroma 
of each is due. Besides these, among the regulai constituemts of wine may be mentioned glycerine, 
extractive and mucilaginous matters, mineral and colouring matters, and eight distinct organic 
acids. Of these latter, four are formed in the juice and skins of the grape, viz. tartaric, malic 
tannic, and gallic acids; while tho remaining four, carbonic, acetic, formic, and succinic aoids^are 
formed dining the proc(*ss of fermentation. Water is, of course, the largest constituent of wine, os 
of all other fennonted beverages. 

TJie amount of lUoohol in wine depends upon the quantity of sugar held in the must before fer- 
nu-uhition, and hence varies considerably. The proportion by weight of absolute alcohol in some of 
tho best-known wines is shown in the followiug tablo : — 


Fort .. 15 to 20 percent. 

Bherry 17 „ 10 „ 

Madeira 17 „ 18 „ 

Marsala 15 „ 17 • „ » 

Oloret 8 „ 10 „ 


Burgundy „ 8 „ 12 


Ehenish •« 

«« «* 8 to 

12 per cent. 

Moselle 

• • • V ' 8 „ 

0 » 

Malmsey .. 

.. .. 18 

tf 

Tokay 

.. .. 0 

99 

Champagne 

• * *• 7 j* 

12 M 

Carlowits, .. 

.. XI 

ft 


A good proportion of alcohol is necessary to the proper preservation of irine., Bneh wines as 
port, shwry, and Madeira, which oontain nearly 20 pear oeni of aloditcly oannot posiibily undergo 
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tiblifQ trtnwport well, and <m expo^iu^ !#ll^)ip mm fma ^ foifma- 

% SiNll3^> FoJ'tii^ idid S'tano^ It le 

In i^flepe mm wliolo nf t^^loohol iii ^ <»dgin<ite fittm the 

Angfliir 0^ m mwL. tlidess the defioienoj*^ be illade np th peonutte thiukt bo taken,'' 

by Bwens dariflcatloiu^ to remove every traee <^lhimihntfi^le matter from the wines, 

and time # the poesiblllly of its being zttined by aoetiOcation an^ other degenerating 

InfiniMl^ • 

wblohis Invariably found in wine is that of tho grapo, whioh hasesoaped the dooom- 
ptoig nbtft of tho ftnnentatlon. To this unalteied sngsr la due the sweetness or *^fruitimss** of 
some wint^ and notably of port. They are called dry ’* when Iho proportion of sugar is very 
small. generally added to the mnst of tho ohampague grape before fermentation, in order 

tU give it body, and also to keep it sparkling and prevent aoetidoation. Only the very purest 
o^eoSQgntr is eVOr used for this purpose, sinco the senses of ^tastO and smell ean easily detect the 
limenoo of impurities in the wines derived from the sugar, niuch eai.not by any of the senses bo 
detected in sugar itself. Burg mdy, claret, Rhenish, Moselle, and Oarlowitz contain mo 
sugar,, or only a trace The amount usually found in the most important swoot wines is shown m 
the foUowinf kblo — 


I^nhryiUie Obristi , .. 27 per cent. 

Patras 15 „ 

Ohampague 7 


Port .. 
Madeira 
Sherry 


4 

2-5 

2 


per cent. 
»> 

»» 


The agreeable, vinous odour of grape-winos is imjmrtod by a minute proportion of an othorcal 
substance termed cenauthic ether. This substance, when separated from the wine, is a mobile, volatile 
liquhl, possessing an exceedingly sharp, unpleasant taste, and so powerful an odour as to be almost 
intoxicating. It does not. exist naturally in the grape, but is formed during fermentation, nud it 
appears to increase in quantity as tho wine grows older. Tho faintest trace is sufficient to impart 
bouquet, since few wines contain more than it by volumiFThis ether is present in all 

wines; there are other ethers, however, which possess less fragrance, and which are different in 
different varieties of winbs, giving to each tho peculiar bouquet by which it is characterized ; these 
are present in even smaller quantities than tho mnantliic ether. Tho formation of these is duo to 
the action of the acids in tho wine upon tho alcohol, as shown in the following equation, in which 
othylio acetate is formed by tho union of acetic acid and alcohol : — 


Acetic acid. Alcohol. 

cyi.oio . CaHjo 

H/ + II ; 


Ethyllc acetnta Water. 

o:h:o}o + M.o- 


Some wines acquire their aroma partly during fermentation and partly after storage. 

The following table gives the average proportional quantities of some of the chief constituents 
of wine per litre. The hgurcs arc obtained from analyses of Frcucli, Swiss, and German wines : — 


% 


Alcohol (by weight) from 

Glucose 

Glycerine 

Bitartrate of potash . . . 

Residue (dried at 100'’) . . 

m .. 


grm. grm. grm. 

50*0 to 200*0— generally 80 
1*5 „ 10 0 „ 2 

10 „ 4*0 „ 2 

1*0 „ 8*0 ,, 4 

18*0 „ 80*0 „ 22 

l*i) „ 8 0 „ 2 


An analysis of the substances which compose tlio ash is as follows 


Sulphuric add, from 0*17 to 0*27— generally 5*20 

*%i VI /white winesi 0 * 165 

Phosphoric V, } .. ATOiage 

Hydrochlotie add, Urom 0'04 „ O-OO 

Peroxide of Iron 0-01 „ 8'02 

Pboqdiotedfaltmdm 0 08 „ 0 06 „ 0'04 

, .... ftO^ i 0-(® 

Magnesia ... .. .. .. O il . 0-15 

Petash . .. .. .. .. l-OO * 2 tOO „ 1-00 

Bed wines are richer in pbosphntee than white wines laiuue the formOT remain Ibr a longer 
«me In ocmlset with the seeds *nd stems of the gt^, whidk extremely rich in ^osphstes. 
Tuteiowdd exists in the nntinal Juice o* the grope as ^ftMtmteofpotsdiarcteamof tartar. 

■"f' 2 w 
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After re(riiientati<>n, and ^en the wine i» left at rwt, this salt separates out, ^ a 

thick onist upon the sides of the casks or bottles. The presence of this, aedd ilKkds to 
diminish the exciting or intoxicating effects Of alcohol ; hence, as the wine gets it geadoally 
becomes less acid, and stronger in proportion. Every year, therefore, added to th« age of a 'good 
win© increases its strength and value. 

• The principal effect of the presence of tannic acid or tannin is to aid in preserving wine, and 
to moderate the action of the alcohol. Wines containing much tannin produce intoxication much 
more shnvly than those which contain but little. Tlie wines of Bordeaux contain a large pw^portion 
of the astringent principle, and to this is probably duo the fact that they ore much less intoxicating 
than other varieties which are not more alcoholic. 

New wine contains more tlran its own volume of dissolved carbonic acid gns, formed durihg fbr^ 
mentation. This quantity, however, diminishes during storing, by diffusion through the pores of 
the casks, its plaoir being taken by atmospheric air, which assists in maturing the wine. When 
bottled, it does not usually contain more than ono-fourth of this quantity. When not in excess, its 
presemeo is believed to moderate the intoxicating influence of the wine, acting morb or less as a <5^- 
reotive. It produces n gentle, stimulating effect upon the stomach, and greatly assists digestion. 
Wines, however, like champagne and sparkling hock, which contain much carbonic acid, are doubtless 
rendered more “ heady by its presence. 

*The remaining acids, acetic, malic, pectic, &o., are seldom abundant in good wines, and have 
but little influence upon them beyond neutralizing, to some extent, the action of the alcohol. 

The general physiological efficts of wine are well known. Tin* first cflect, when taken into tho 
stomach, is to siimulate tho action of that organ, prixlucing m it, at the same time, a gentle and 
agreeable warmtli. After a short time, tho spirit penetrates into tho blood, tho movements of tho 
heart and lungs are rapidly accelerated, the licat of the entire system is increased, and the circula- 
tion of tho blood poworfuliy excil(>d. If tin* ejuantity imbibed is too groat, tho pressure of blood in 
tho brain becomes intonso, and intoxication rapidly ensues. 

Vines cannot bo grown in any climate. The proper development of perfume and of sufficient 
sugar in the grape re(iuir^ a warm and oonshint sun, such as is to bo had only in tho warmer 
climates. Tho cultivation ortho vino is most Hucccssfully curried on in tho countries lying between 
tho B5th and the 50th degree of latitude, and it is in tliese that the most^ celebrated vine-growing 
districts are situate. Colder cliniutes produce wines poor in alcohol, though sometimes of very 
agreeable perfume ; they are difficult to keep, audy^turn sour with remarkable rapidity, since they 
do not contain enough alcohol to prc'servo thorn. 

Tho nature of the soil in wliich vines uro grojiot vxerts conbid(‘rabl o influence upon tho quality 
of the gra]*©. Vines will grow everywhere, and lu a fertile soil will flourish exceedingly; but 
(experience has shown that the value of tho wine is rarely proportional to the luxuriance and 
strtrngth of tho vine from which the grapes were obtained. Hard, clayey soils are not favourable to 
the growth of grapes ; neilli(',r are damp soils, of any nature whatever. They yield vigorous and 
beautiful vegetation, but witio obtained from them is invariably watery and wanting in bouquet. 
A calcareous 8(iil is, as a rule, highly favourable; tho culture of tho grape in light, dry soils is 
more simple than in any other, and they yield a wine which is spirituous and of a fine bouquet and 
flavour. The best jjossiblo soil is tliat which is at the^^^o time light and flinty. Volcanic earths 
yield very delicious wines, as proved by those of TokitV^-®' Hi tlie finest Italian wines. To sum up, 
tlie vine may be cultivated advantageously in a great variety of soils, provided they be light, dry, 
finely dividwl, and such as will readily receive and filter water. Heavy, moist, or clayey earths 
must he avoided in laying out a vineyard, and tho first consideration should always bo lightness 
and i>oro8ity. 

The amount of exf)08ure to weather to which the vino is subjected has a marked influence 
upon it. Oraj-H'S gtithered from tho summit, the sides, or the bottom of a hill, may vary widely 
in quality ; and they vary also according as tho land inclines towards the north, south, oast, or 
west. Ompes grown on the top of a hill where they have been subject to many (ihanges of tempe- 
rature and weather are loss abundant, never reach perfect maturity, and pmdvm an inferior wine 
to those grown on tho hill-side, where tlioy have been sheltered from the^ atmospheric variations. 
Tho bottoms of hills and valleys are also unfavourable to vine-growing: in snoh places, the air is 
charged witli moisture, and tho soil is constanUy damp, tho result being the grapes ore coarse, 
and tlio loaves and wood of tlie vine are forced at the expense of tho fhiii The best possible 
situation for a vineyard is on a hill-side, looking south-east or south. 

That different seasons produce widel;y different wines is a well-known ftwst In 4 tsiny season, 
Urn fruit develops neither sugar nor aroma, the wine is weak and insipid, and can be preserved only 
with difficulty. A cold season yields a rough and tU-tasted wine ; and high winds and fogs are 
highly detrimental to the fruit. The most favourable yehr hie vine-growing is that In which the 
viue flowers in warm, dry, tranquil weatlier, followed by gentle rains as the fhdt ^ns to fown; 
and when the development and matniution of the grape m eonstaat heat, with oooa- 
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of the gmpes a kno^n as the vintage ** It le hardly neooeeary to ineiet 
on Ihe noeoMdty thr waiting until the grapes have attained maturity, the indlontiona of which state 
are sn^ehtly well-known. The vintage should^ be oomm^ed only iu dne weather and pnder a 
hot atn, and when the earth and the grapes are thoroughly dry ; therefore not before eight o’elook 
ht the moming* A 8U%ient quantity ot grapes to dll a vat must always be gathered at a time, 
and at an even temperature ; Hailing the latter oondHion; they must be exposed in a warni place till 
the heat of the mass is uniform. Botten grapes are cut oif close and thrown aWay ; green buuohos 
are loft. Tp produce good wine, the crop must be gathered lu three or four suooeasive pickings. To 
give t#e wine more sweetness and body, the grapes are, in some districts, allowed to dry on the 
htmohes by leaving them exposed to tlie heat of th© sun until t.\ey become covered with a down 
resembling pfiouldinees. The bunches arrived at a state of maturity are gathered first, and prod|ice 
very sweet, fuU-bodtod wines. Th's picking being finished, tlie second is oomraencod, of those 
bunches which have matured in the meantime, and which yield finer and more alcoholic wine than 
the first Jfi short interval is now gonnrally allowed to elapse, that the combined influences of the 
hot days and dewy nights of tlie end of October^ay compete the ripening of tho remainder, which 
ore phiedover three or four times yet, the last picking including everything that remains on the vino. 
The harvtwt will scarcely bo concluded in less than a month. In hot oounfiios, the vintage will 
bear delay, esptxsially when sweet wines are desired ; but where the grapes do not ripen readily, the 
vintage must precede the maturity of tho crop, to avoid the injurious effect of the autumn rains. 
In this case, tho deficiency of sugar must he made up by sweoieniug the must as hereafter explained. 
The bunches of grapes are gathered, principally by women and children, into wicker baskets, care 
being taken to reject those which are sour, rotten, or scorched. The contents of the baskets are 
emptied into small tubs placed in waggons, for transport to the place where they are to undergo tho 
vaidous processes of conversion into wine. 

Preparation of the Must. — When tho crop is gathered, the must is prepared by squeezing or 
pressing tlie grapes. This may be done in a variety of w^oys. The most crude method — that of 
treading out the juice with fbc naked feet— is now probably obsolete, but in many places it is dono 
by workmen wearing large sabots. In some other places, they are crushed in small quantities at a 
time in shallow tub^, a tedious operation. The use of a “ martyr ” for tho purpose is, perliaps, most 
general ; tliis is a wooden box, having a bottom formed of laths so closely set that the grapes 
cannot pass between them. Into this box, which is placed upon bulks above the vat. tho grapes 
are thrown as they arrive, ftn<i are crushed by a woT-kman in sabots. The juice runs through 
into tho vat, while tho solid matters remain behind, to i>© subsequently withdrawn at the side, and 
either added to the must in the vat or not, as occasion may require. This is repeated till the vat 
is filled conveniently high. The pressing of tho grapes is an absolute necessity, because the 
saccharine juices will not ferment until liberated from the ocUs in which they are enclosed ; but 
there is no reason why the barbarous methods still existing should not bo supplanted by nmebinery 
such as iisi used for orushiug sugar-cane. 

A vat should be filled in at most twenty-four hours, for too long a period will entail a suc- 
cession of imperfect fermentations, the process being oompleted in one portion of the mass before it 
has begun in another. 

The best authorities agree that tho grapes should be picked off the bunches before pressing, os 
the large stems contain but little matter useful to the fermentation of the must or the preservation 
of the fennented liquor. This opeiation is usually performed by a three-pronged fork. On the 
other hand, the pipiuns and skins of tho grapes should always be added to tho must, the former 
contoiiiiug the preserving element, the tannin, and the latter the colouring principle. But in 
making white wines fiom black grapes some modilloation will be neocssary. In the first place 
taking advantage of the fact that the colouring matter in the skins is dissolved only after prolonged 
macemtion, the pressing must be done as rapidly as possible and the skins removed. In order, 
however, to eorreot the great deflpct of all white wines— the difliculty with which they are pre- * 
served— the pippins ahotsld be intrednesed into the must either in their natural state, or the tannin 
may be extracted ftom them by boiling and the decootien fdded to the must. 

FermerUatioiK-^In the fermentation of grape-must, tho process is arrested before its completion 
by withdrawing the liquor ftom the vat, in order that it may be subsequently continued in a less 
degree in ihe meks. 

The juice which runs from the gmpes during thehr txaii4|mrt to the works commencee to ferment 
long beftre it leaohes the vat, in spfte of all the cam tak^^to prevent it. In the case of highly- 
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eete^med bmndg of wino, this jaioe is fermcjnted to prodiJoe 

as a ami© it is added to tbe juioe obtained by pwasing, «nd all is fermoDted 
mentation is conducted in vats of masonry or wood^ the former being preferable, 
repair, maintain a mure ootastant temporator©, and are less exposed to aoddeptitv^ - laitoy 
however, when free frean iron inside, are tnieM % small quantities. The vat tatWf fcropu*^ 
Jously cleatied l>efore admitting the must. Steme vats are washed with warm water, wad eoated 
with milk of lime ; wooden ones are washed with warm water, and then sosabbed with brandy; 
These preoautions arc needed to ensure tbe destruction of fungoid life and acid or fotty pi^ttete 
that would injure the must. 

Tbe*c8tablished conditions of fermentation are a certain degree of heat,. <H)ntaot with th^ 
and the cxibtonce of a vegeto-aninial principle, and of a sacciharine principle in 0ie musty v TIite, 
most suitable temperature is about 19° (GG° F.)i it is too slow below this points aid too 
rapid above it, ceasing altogether under the influence of great beat or great cold. If the temperst- 
turo of the surrounding air does not equal at least 15° (59° F.), it must be raised to this point 
by artificial means, and the must heated by mixing some boiling must with it, or bett^., by intro- 
ducing, as in Burgundy, a bath cylinder. This precaution concerning the temperature is absolutely 
noi^ssary, and certain results cannot be counU:d upon without it. The fermentation also is slower 
in proportion as the tomperaturo at the time of the vintage was lower. This inooiivenience also 
is oljviatod by heating the must and raising the surrounding temperature to 15° to 19° (69° to 
G()° F.). Exporienco proves that graj>e8 gathered in the morning are slower to ferment than 
tliose plucked aft(‘r noon under a hot sun and in fair, clear weather. Dews, showers, and slight 
frosts also hinder fcrmoiitalion ; luince the necessity for observing the conditions of weather before 
alluded to. 

Air is favourable to fermentation, and is necessary to its initiation, though it may be dispensed 
with Bubsoquonily. It is necessary, on the other hand, that the carbonic acid liberated shall 
have free egress ; but this disengagement entails great loss of alcohol and of bouquet, so that it is 
well to cover the vat with planks, on which cloths are spread in such a manner that the contents 
are preserved frf)m contact with the cold outward air, still leaving a small outlet for tbe generated 
gases. The fermentation is thus regulated; the temperature is maintained at a higher point; 
the loss of alcohol and acidification of the **hoad*’ are prevented; the aroma and bouquet are pre- 
served ; and the fermentation is maintained under varying atmospheric conditions. The fermen- 
tation is also more rapid and complete according ns the mass is larger ; but against those advan- 
tages, and the additional one that the wine keeps better, must be counted the facts that the larger 
va(.s require longer to fill, and that the increased hent may cause the volatilization of a portion of 
the bouqiuji. 

Very sweet grapes yield sweet and full-bodied wine, because the ferment is not in sufficient quan- 
tity to decompose all the sugar; loss sweet grapes may require sugar to be added to the must to 
nourish the action of the ferment and to employ the whole of it in producing alcohol. Very thin must 
is as difficult to ferment as very thick must. The mean consistence should be 10°*-6 to 11° ‘5 B. 
(about 1 080 sp. gr.). Wlion the must is very waUiry, the resulting wine is weak and very liable to 
chang<^ < 'old countries, w<‘t lauds, and rainy seasons produce grapes containing more water and 
formeiit than is necossury to decompose the sugar fornuKi in the fruit, and the wine is liable to turn 
sour in oonsoquenco of the suporabundanco of ferment r<?raaining after the spirituous fermentation. 
M(mtion has already l)oen made of a nmans adopted for correcting this evil. In sugaring the 
must, it is necessary to remember tlint cane-sugar does not undergo alcoholic fermentation till it 
luis iirrivcd at r more hydrated condition than the sugars of fruit, or glucose. To avoid the delay 
thus occasioned in the fermentation, it is well to transform the crystallizable sugar before introducing 
it. Tartaric acid is preferably employed for this purpose, and the sugar solution should be boiled 
in the must for two hours iu presence of 2 percent, of this acid. If the grapes wore insipid and flat, 
only a partial neutralization by the aid of chalk is needed, while with very acidulated musts the 
tartaric acid should bo completely neutralized. By this plan is obviated the fault asoribed to the 
Bwcotoniug of some musts that it loaves a sickly taste in the mouth, due to the fact tljat the sugar 
used has not 1)e©n entirely decomposed, bectvuse then all the added sugar is transformed into 
alcohol as rapidly as the grape sugar itself. Neither need there be any fear that the addition of 
the sugar will postpone the commencement of the fermentation ; therefor© it may be added as early 
as desired, instead of waiting till towards the ©lid of the operation. Obviously th© sugar may also 
be converted by means of sulphuric acid or phosphoric acid on condition that the subsequent 
neutrtdization bo complete ; but tartaric ,aoid is specially named, as it is normally Hound in the feuit 
of the vine, and a solution of it may bo economically prepared by treating dry leei^ Whiidi abound 
in vino countries. 

The fermentation first manifests itself by HiUe bubbles which appear on the Mfime of flii© must : 
little by little it raises the oontre of the mass, agitates the Whole, and piodnoes more or less effer- 
veaeenoo, duo to tli© liberation of earbonio add. The suspended matters are distributed, raised, and 



^ ^inoHiiir 0(#wti^ on tlie «uif^ to 

«Bm,iBO;,f!lMdi;^ ‘'.^law AnnasiatioB oottMvtoos twi^ loite ordinarUy 

hottZB, 'vrltb a iempomtureof tlxo oentre. T^ 
volantt oftfaoiniiw iucceafles oonnderibly. The *‘ha$d’' ttukm oia^opoo* aad dtmfagba 
alraaditioa of lEMb :■ beat develops in the Uqtior in ti^ #i0 PMIS) and the oolm ia ia« 

Shad ^ dimtnishi the iiaad siuke, the ll|;a^ dta^lfies itiieli; and tho i^otk ie» 

b^t, being greatest in the oentre, mu»t be by pressing down 

d!n4 ji#IM|PKg[ ^ ^be edbrveseence, agitation, ^nd beat observable in the must are more 
Intense wben tbe aifeins, pippins, and stems are pr^nt* If tbe movement relaices, the vat isjoiaeiheil 
fiMiimheadpinbipitatodseve^ times. This is don© oy means of a stirrer, but it must be dispensed 
wUh when the sHns ©:!.hfbit any ohango. Acidity ip the bead is preveniid by protecting it from 
Hie actiaiidf the air; and by piedpitatiog toe froth In the bath, the ferment it contains becomes 
tnhied lyilh Hie liquid ana nouriHies tb« fermentation. The more oomplet*dy the grapes have been 
ertsshed and the more carefully the saccharine fluid hus boen esetraotod from the cellSi the moro 
segulaily the alot)holic fermentation develops itself. 

SooMkimes instead of mingling the sldus with the must in the vat, a lid pierced with holes is 
fitted to it fit such a Way that the Hrms are thus kept imm^rsod in the must. This arrangement 
has some adTantages and some drawbacks. Clearly it avoids the nec(»ssity US' agitating the mass, 
since the solid particles are pldnged into tlio liquid and the wine reaches the surface. A second 
OOver surmounts the vat, but if it does not close hermetically and the air obtains free access to the 
win^ there is dsnger of its causing acidity. The fermentation may be left to complete itself without 
mf manipnlation, provided the B<>con<l cover He perfectly closi^d, preserving only an exit for tUo 
generated gas by means of a bunghole of suSicieui. size. This plan, however, is not in favour with 
the best authorities, who declare that considerable ndvaniage is derived from mashing the mass 
while in the vat, since the wines gain in quality by the agi|ation. 

The carbonic acid which disengages itself from the moss, and the deleterious effects of which 
are well known, displaces the atmospheric air resting on the vat, and then falls to the bottom of 
tlie room by reason of its density. Ventilation must be provided with the utmost care in order 
to avoid the risk of suffocution to the workmen. Milk of lime and alkaline solutions absorb it. 

The proportion of alcohol produced is in accordance with tho sugar which tho fruit contains, 
and is, in consequence, very variable, since tho musts m.iy have any density from about 8° 
to 18® B. (about 1*000 to 1*143 sp. gr.). Tho proper moment for drawing off the wine and 
placing it in casks is when the fermentation has rendered the presence of the sugar inBonsiblo and 
replaced it by alcohol, though all tho sugar has not absolutely disappeared, but sufficient still 
romaius to excite the complomontary fermentation in the casks. Concerning the colour of tho 
wine, it may be remarkod that it is moro intense according as the fruit has been moie pressed 
and longer fermented, as tho grapes are ri jier, and as tlio wine is more alcoholic. As a general 
princixile, lively aud piolonged fcrmeutation is dostructi e of bouquet and aroma, which constitute 
tho merit of some wines; on tho contrary, a very complete fermentation should be allowed to 
wines whose principal quality is alcoholic strength. Finally, onorgetio mashing, often repeated, 
prevents change in the “ head/' provided that the must has entered freely into fermentation under 
tho influence of a sufficient temperature and with a suitable pioixirtion of sugar. The disengage- 
ment of carbonic acid will be such as to obviate any reason to fear tho access of atmospheric 
air, if tho mass does not remain in the vat too long after tlio liberation of the gas is finished. 

The operation of racking the wine will presently bo considored, but a few words must first bo 
devoted to th© ** fortification *' of wines, and the results to be expected from it. 

JihHifioatum, — This consists in introducing a certain proportion of alcohol into the wine for tho 
purpose of strengthening and preserving it, the alcohol opposing secondary fermentation by 
paralyzing the action of tho fennent and precipitating tho albuminoid matters; it also improves 
iho condltmn of weak and acid wines. The operation may bo performed either in tho vat or in the 
casks, preferably tho former. Tho must is fortified by adding a proportion of sugar oorres|)onding 
to the aleoholio itrength desired, or by adding alcohol itself when tho fermentation is approaching 
its end, or about twelve to fifteen hours before racking. Wine in th© cask is fortified by an addition 
of alcohol or by a mtxture with very alcoholic wines. The wine may also be submitted to congelation, 
which removes a portion ©f its water in the form of ice. Fortification sweetens too acid wim^s, in 
that the aloohid proeipimtes Hie excess of cream of tartar, and combines in time with tho free acids 
present to Ibrm eth^ It also affects the colour of red wines, alcohol being a solvent of the 
violet priaeiple of the grapes* Tho ixfiour of the wine ipfiue to a mixture of this normal violet 
with a red colour due to tho effect of the air mad acids. It therefore follows that hotter results on 
this head are obtained by toliying in the vat, for by dbiot fortlflcation in the cask the red tint 
is diminished and precipitated in the Ipes. 

U is eviden* then, that independenHy of its diteot akohol de-acldbas too acid wines, 

Ikvouie Hm fennaiion of ethers, in^sreosOs the mhm a body to the wine. Theso are 
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suffioiont reason* in its favour ;*lmt the dirtci of aleohoi moiA 

Not only ore the most detectable ooxnpounds brought into the market after treatieeift,^fr% 
but the plan has also this great disadvantage, that wines so treated cannot pOBSoi^, 43^ i^gre© ^ 
homgmeity which arisis from fermentation, and whidh is one of the principal mi^ritim |m%i^ wmm. 
Ill-advised, however, as the direct addition of alcohol is, it is, nevertheless, only too often rescKrt^ fo^ 
sibecatise the cost of the alcohol produced by fermenting additional sugar in the must is a txifle higher 
than ths eommercial price of manufactured alcohol. It dcx^s occasionally happdl, however, that good 
may result from the addition of alcohol to the must towards the end of the fermentalliDn in the vat* 

i2ac4* wif.*— From tlie preceding observations it is evident that the moment for racking wiiie 
cannot be submitted to^ed and invariable rules, but that it will differ with the climate, theseaso]^ 
the quality of the grapes, the nature of the wine to be produced, and other oonsideratioUa whidh 
must not be lost sight of. The sinking of the head is not a sufficient sign, as some wines should be 
drawn off before this happens, while others improve by remaining for some time afterwards. The 
cessation of sparkling and froth, indications drawn from the odour, taste, colour, cooling, and density, 
do not always form a safe guide, though the last mentioned does, in the majority of cases, matk the 
precise moment. Wines for distillation must be thoroughly fermented ; while weak, perfumed wines 
need less, notably some white wines whose speciality is to be sparkling. Backing must invariably 
bo performed when the sweet taste hag become insensible, and is replaced by a vinous flavour. The 
lowering of the d«3nsity to 0° or P J3., cannot always be considered a proof of the end of the 
fermentation, since the proportion of alcohol and other matters renders it inconstant. Ohaptal gives 
the following rules : — 

1, The must should fernnmt for a length of time proportionate to the sugar it contains; 2, It 
should ferment less for sparkling wines, and be introduced into the casks immediately after pressing; 
3, It should ferment less as the colour is weaker; 4, It should ferment less as the temperature 
is higher and the mass greater ; 5, It /should ferment less as the wine is to be more perfumed ; 
C, It should ferment longer if it is to bo distilled ; 7, It should ferment longer as the temperature 
was lower at the time of vintage ; 8, It should ferment longer ns the wine is to be more coloured ; 
3, And it should ferment longer in small vuts than in large. CoDHequently the vatting'may vary 
from 24 hours to 12 or 15 days. Nothing is more arbitrary in practice than the moment for racking, 
but there is no doubt it may take place the instant the active fermentation ceases, and the vatting need 
never be prolonged beyond 72 hours for very rich wines, and 30 to 36 hours for delicate wines ; while 
the latter period much more than suffices for very light wines or those for immediate consumption. 

The racking is done in a very simple way, either by a siphon or by a tap placed in the bottom 
of the vat, at the interior orifice of which a grating or birch broom has been placed to retain the 
pippins and impurities. The wiiio is caught in largo tubs, and tlien filled into casks which have 
pr(3viously boon scrupulously cleaned. 

When the vat has boon emptied of wine, a residue is found in it composed of stems, skins, and 
pippins, IIS well as a variety of vegetable dtffiris, froth, and albuminoid matters combined with tannin. 
Tho wine contained in it is removi3d by pressure. The mass is placed in the press, and the wino 
which runs from it is added to that already obtained without pressure. After the first pressing, the 
moss is turned over and pressed again till the fourth time. Tho product of the first pressing is the 
sti‘oiigcst, that of tho last is the hardiest, tho most sharp, and tho most deeply coloured. Often the 
products of theso several pressings are mixed in separate casks to produce a deeply coloured wine 
that will keep very long ; at other times it is mixrd with tho unpressod wine to give it strength and 
a slight astringenoy, and to obtain ono uniform product from the whole vintage. 

Tho solid mass of skins, Ac., assumes almost the hardness of stone when well pressed, and is 
applicnl to several purposes. In some countries, it is used for bmndy making ; in others it is treated 
witJi water to form a thin vinous drink for the labourers. Elsewhere, it is employed in the manu- 
facture of verdigris ; and again, of vinegar. It is widely applied to ciittlo feeding, and may be 
burnt to produce alkali. The pippins form excellent poultry food, and yield oil. 

When the must has undergone its due period of active fermentation and has been placed in 
it has by no means reached its last degree of elaboration. There is still a modified amount of fer- 
metitution to bo undergone, after which the inert aloohol deposits itself at the bottom of the vessel 
with tlio greater port of the insoluble suspended matters, thus constituting the •‘foes.*' In order 
tliat the wine may acquire its duo degree of spirit, it is essential that all the oonfefcible sugar be 
transformed into alcohol by the slow fermentation which follows the activi^ prboess in tho vat ; 
besides which, it must be made to keep by separating the deposits, the foreign suspend^ matters, 
and tho soluble substances, which mighkeaUse an alteration in it. The work thus entailed consti- 
tutes the duty of tho ccllarman, but before alluding to the several points involved^ it will be neces- 
sary to say a few words about the collars where the wino is worked and stored as #ell as about tho 
preparation of the tubs and casks for its reception. 

MatwixHim md Siomye. Vaults and above-ground pellai«.^Ths fbHowing rules should be 
observed witli regard to a wine vault;— - , , 
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gi^een Viue^psti^ other substanoes iikely to ferment mhst b© kept away fiom the ^nit* 
AiMKJidln^^ ratuT must be exoavated several finthc tts ben<mth the sn^Me bf the earth ; the 
outlets mest ftw® the north ; it must be distant liom all roads* fisotories, strsaftms, &o., and 
be vautted ever. The best vaults are generally those cut in solid rock. Above-ground oellare 
bollt where the soil is They should tanite as far as jw^jible the same oontiHions #ie 'lii® 

undergrTound vaults. The Bordeaux cellar ia made in the lolloWing way It is built as to 
Che fermenting vats as possible, of varying length, and alx)ut 20 to 25 yards broad. The floor may 
bo on the same level as the earth outside, but the aii U frobher when the floor is loWOted a few 
inches, In Ihe case of dry sc.!! ; but when^ the soil is Wet it should ratlicr be raised a little. It should 
be shaded on the south by tall treet or by a building ; the window.^, of very small dimensions, are 
pierced in the north wall. It 's ceiled with plaster or planki*ag. Four rows of casks arc placed in it, 
two down the middle and ono along each side, supported on long beams a few inches above the fl^r. 

Eocoptadfles for Wine.— In principle, t*^e most capacious and most tightly closing vessels are the 
best. iUse is chiefly made casks, of various sizes, constructed of oak, whose principal inconveniences 
are that they sometimes present soluble substances to the wdno, and are more or less porous. When 
made, the wine i« stored in casks or glass botlles. In any case, the receptacles must be tlioroughly 
deaned in good time before they are nquirod. I hose having an uii|>leasaut smell after cleaning 
sliould not be used. The Ix^st iiKxle of cleaning is as followa The cask is first soaked in cold water, 
and then in hot water to swell the wood and close all Interptioos, It is afterwards thoyouglily 
washed with a mixture of sulphuric acid with fifteim times its weight of water, and finally subjected 
to two washings, the first in boiling, the second in cold water, to remove all trace of the sold. 

During the ** insensible formentatiou ** in the casks, a more or less abundant fioth forms on tlie 
surface of the liqtfld, and must be caiefully removed. At this time, thoreforo, care is token to keep 
the casks constantly full, in order that the scum may escape at the bung-hole wliich is only im- 
perftctly closed by a leaf or hy lodging tho bung loosely on it. In somo countries, the level is 
ndjusted oveiy day during the first month, every lour days during tho second, and then once a 
week till the wine is drawn off. 'l^ho intervals are modified elHowhero, tho object being to let out 
the scum and prevent the action ot the uir on the wine while the di-^engagoment of carbonic acid is 
relaxed or spent. 

Tho causes which diminish tho contenis of the cask are eva|)oration and absorption by the wood 
of tlio cask. The cisks should be bonnoiically closed as soon ns the generation of carbonic acid 
is not sufficient to oppose tho fr(’e access of the air, 1 it a \ouf-}K*g should be inserted for the 
purpose of lotting out the gas now and again. The walking of wine consists iu a gradual and 
complete purification, performed after the* fermentation, and iuteudwl to eliminate all convertible 
foreign matters, but cspecialiy tlie soluble and insoluble nitrtjgenous matters. 

For all wines of good quality the filling up should bo done with tlio same wine, some being re- 
served specially fur tho purpose, but with common wines it may he done with tho press liquor. In 
any case, tho vessel containing the complementary wine should not bo left open. 

It is unneoessary to state that tho casks ought to be rained on stands iu the cellar, at such a 
height as to render the drawing off as easy as possible. They should also be placed perfectly hori- 
zontal, for if tilted up at the back, tlio lees collect at the front, rendering it neoossary to place 
the tap inconveniently high in order to prevent it fiom running out with the wine ; and, if 
raised at the front, it is impossible to draw off the whole of tho clear liquid ; whereas, when lying 
perfectly horizontally, the lees collect in the centre of the lower cavity, without being disturbed 
when the wine is racked. Tho casks, thus disposed, must bo i« 0 |)©ctod frequently, m order that any 
accidents may be dlsoovered and remedied at once. This is especially necessary during tho month 
which precedes and follows the eejuinox^; at these titnes, the wine is particularly subject to 
undergo fermentation, especially new and white wines, tf allowed to ferment, tho wine exercises 
considoraHe pressure in the casks, the staves frequently giving way unless an exit bo made for the 
carbonic acid gas, or, mther, unlesa several litres of the wine be iinmedii^tcly removed from tho 
cask. During the equinoxes also, ihe casks arc liable to be rotted by vafiours exhaled from 
the ground ; this is ef^lally the cose in deep oellars.* (|seal care most be taken, too, to see tliat 
none of the oa^ become leaky or worm-eaten ; large qianiities of wine may be lost from those 
causes. ^ 

Drawing off, — There are so mai^y infliuetioes which can8^|he lees to remingle with the wine after 
having deposited itself at the botM| hf the vessel, that tlidlArst care necessary after the conclusion 
of the complementary fermentatlim^ h to separate ttm wise from the deposit by drawing it off. 
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is pcrformod at various timos lujcordiug^ to bat tto 
«b<yid4 be drawn off in winter, medium wines tow&rds tbe end of that season, 
wioes in summer. The operation is repeated as many times as may be neossoary j^fjtfi^tion 

of the* wine. It is be|t performed by means of a sifion, or a simple air-ptimj||». : ; 

As long as a wine preserves its colour, flavour, and aroma, there is no neoesmty w ; 

but as soon as it begins to lose its transparence, becoming turbid and flavourless, it rhuK.ai once w 
* drawn off into another cask, which has been well sulphured the moment before. The effects of 
aulplmring are pointed out in the ensuing paragraph. 

Sulphuring, — ^This operation consists in burning sulphur in the casks. Its first effect is to make 
the wihe thick and its cjolour disagreeable, but the latter returns in a short time, and the wine 
clatifles itself. Its object Is to prevent acidification and all ulterior fermentation. Bfc also displaoee 
the air, 

Wines arc sometimes sulphured without being withdrawn from the cask. A small <juautity is 
drawn off, and the sulphured wick inserted at the bung-hole and burned just above the aurfi|0® of 
the wine. While the empty portion of the cask is filled with the sulphurous gas, the bung is 
replaced, and the cask agitated violently, in order that the gas may be entirely di^lved. The 
cask is then refilled with wine. Another method of sulphuring wine consists in introducing a 
snfkU quantity of a solution of the sulphurous gas in water. 

Olurifictition. — The processes of racking-off an<l sulphuring remove a large portion of the im- 
purities of a wine, but there still remain particles of suspended matter, which must be precipitat^ 
by a process of artificial clarification. This process not only removes suspended matters but aids in 
precipitating dissolved impurities, oven after a considerable lapse of time. Hence it constitutes a 
powerful means of Improving and preserving wintis, and cannot possibly be dispensed with. The 
bub»tar 4 Cfes most commonly employed to effect this clarification are fish gelatine, the whites of eggs, 
blood, and various other substances artificially prepared. When fish gelatine is employed, it 
should be chopped into small pii'-ces and stirred up with a little wine and an equal weightjof 
tarturic acid; it swells, softens, and forms a glutinous mass. This is thrown into the wine in 
small quantities and with much stirring, after which the wine is left to stand. During this time, 
the gelatine combines v^ith the tiinnin of the wine and falls to the bottom, (Mfirying with it all 
partiolos of suspended mutter, and leaving the wine clear and bright. Five grammes of fish 
gelatine is sufliciont to clarify J50 litres of wine. To prepare it for use, 5 grm. may be dissolved 
in 7i decilitres of white wine and made up to the litre with brandy ; this jareparatiou will keep 
indefinitely if kept tightly corked. In warm climates, egg-albumen may be used with advantage 
in winter ; the whites of five or six eggs are sufficient to clarify 150 litres of wine. They aro 
iHMiten up witii a pin(di of salt, and then tlirown into the cask. Eggs which are not absolutely 
fresli must not on any accoutjt he employed. Blood-albumen may bo substilutod either for fish 
gchitiuo or wliilo of eggs ; one portion is coagulated by the alcohol, and the rest combines with 
the tannin and colouring matters of tho wiiio. Its uso tends greatly to improve the colour of the 
wine, especially if its colour has become altered by ago. In order to preserve blood, it may either 
be mixed with an equal portion of alcohol at 58^, or it may be dried. Many different powders, 
conaisting of albutnon in various forms and bearing particular names, are prepared and vended in 
Franco as clarifying powders. 

Ciamjication of Bathes.— Wines may bo divided into several different classes, according to the 
point of view from which the classification is regarded. Tho most obvious division is that of 
colour : thoy may bo either white or red. White wines are prepared from both white and black 
gmi>es, but tho juico after exprossion is not allowed to remain in contact with tho skins and seeds 
of ihv black variety, or it will extract tho colouring matter, ilod wines are made froni the black 
grapes only, and tho must is allowed to lie uiK)n tho seeds and skins until it has become of the 
(It sired cfjlour. Or wines may be classed again as sparkling or “still” wines. The qualities 
<.»f sparkling wines are afforded to tliem by placing in the Iwttlos a little cane-sugar, and so 
causing tlmm to undergo a second fermentation; still wines are those which have not received this 
nddiiion of sugiur. A very common classification of wines is as “dry” or “firuity"; the former 
being tlioso, like Uhonish wines, which contain little dir no free sugar, and the latter those, like 
lK>rt and siiorry, which contain much sugar and have a sweet or fruity ” flavour. Wines may be 
thrther siiokeu of a» simple or compounded, or mixed, the latter being, of course, mixtures of two 
or more simple Wines made fur tho purpose of blending their distinctive qualitiee of taste, bouquet, 
and colour. Sucli mixturtis aro much drunk in this country. 

Tho wines of the Bouth of France are strongly aloohoUo, stimulating, and of h nfinin flavour. 
Borne of them aro highly aromatic and saoohariue and all possess a fine, dwhuai*. Those of 

CbamjMigne and Burgundy aro moderately aleohoUc, full-bedied and delicately porflnaed ; they mo 
both red and white. The Bpanlsh winoe, port, sherry, and Madeira, are the tooal wines 

made; the former is dork in oolour and the two latter aJfo or golden ; have an 

exquisUo bouquet. The wines flpom the Bhino are dry and odid, of a ti#t Hawitt^and poor In 



Witt )rt<<iyajr, 

m very tomte, and etimnkliligf. ^ 

Jhretenatibn Sf W»w.--The preflenratto of wiuo f nO «0iil!(ol!ul jpieixttiofl tHi 

celtala rote be oanefhUy attendcid ta 1?he p7ii|eipal ooo^ttte of ftd>so^a m fo^Wlllg;^ 

I* ti^ittbol a iRdn© oontolnm up to |8 or 20 pot oebi l^y yoloipo* tlio bettor it‘ Wji| i|;oe|^ 

1 ii diouM lkl«p ooataiu a good proportioa of fiee sugar. 

Bf, 4 idch in alo«di^ol and poor in su^ar, is more liable to spoil in proporfw^OH H 

oontalnt WiiWi of nitrogenous organio matter, wbeUier soluble or inaolublo, ooagukble uT 

^niB^pakh^ by beat * ^ v 5 , 

^ l9>om4b^ aondit*ona» it will be seen that irhen wine eontains an average proportion df all^^ 
w of ajeohoi aijd sugar, but when by repeated rack^ngs all suspended matters have been raAoved, 
and if U oontahi suf&oient tannin to offect the removal of soluble albuminous subataneas, and the 
prOQSSses of clafifbation have been scrupulously followed out, there is nothing to prevent its being 
preserfed for an Indefinite length of time, provided it bo kept from the oxidizing action of the air. 

The piftnelpal alterations and maladies to whidh ill-made or oeielessly stored wine is liablo are 
acetous and visoous former tatlon, excess of astringent or of colouring matters, ropiness, and bj^ttor- 
ness. These may all bo avoided by careful attention to the rules which have been given for tho 
proper conduct of id*e various pVooesses 

Tsitin^ tr»»Mr.— The good or bad qualities of a wine may be recognized by the application of thioe 
senses-Hifght, smell, and taste. An eye accustomed to tho examination of wines can readily discover 
whether the coloiu* is Lomogeneous or not, and whether it is natural or artificial. By the sense of 
Smell, the aroma of ditfereut wines is distmguisned one from another ; this method of examination 
beooihes an almost infallible indicator when tho organs of smell are extremely sensitive. Tho 
sense of taste, when careiully exercised, is the most to bo relied on. When a wine is pur® and un- 
adulterated. the ditfereut component principles arc blended together, forming a perfectly homogeneous 
whole, which leaves one flavour only upon tho tongue and tho roof of tho moutli ; but when the wino 
is the result of a mixture, the constituents are not intimately combined, but merely loosely mixotb 
By keeping such wine in the mouth for a short time, tho warmth volatilizes tho lighter and more 
volatile constituents, rendering them at once sensible to tho /oof of the mouth, while the extractive 
and heavier matters are made evident to the tongue and lower part of the mouth ; if tho wino has 
been diluted with water, it is detected at once by a practised taster, by a sensation of flatness and 
insipidity. Physical and chemical instruments, such us thermornetc=‘rs and oenometers, are frequently 
employed in testing the qualities of wines, in order to ascertain their vinous or snccharino richness. 

Mixtng Woics.— Tho mixing of wines is performed in order to rectify certain defects by bringing 
together two opposite qualities Thus red wines are mixed with wines of too light a colour ; light 
wines, containing little alcohol, with stronger wines, in order to ensure their preservation, and so 
on. 1 These mixtun s, when judiciously made and i proper proportions, always produce wints 
superior m quality to either of tlio two originally mixi d ; they are genoriilly more wholesome and 
more agreeable. The art of making such mixtures is a difllcult one, since not only havo the 
appearance, the taste, and the smell of the wino to be consulted, but also tho taste of the consumer ; 
hence it is not possible to base it upon any definite rules. 

The wines of Southern Franco are dark and heavy, but when mixed with white wines, obtained 
from a light, chalky soil, they yield splendid wmesof a beautiful, brilliant colour. If a fresh, sweet 
white wine is mixed with an aoid wine, the product is also one of very good quality A small 
f^uantity of a new wmo, or two or three years old, added to on aged win© which has lost its fresh- 
ness, or Ims begun to turn bitter, completely restorts it, and often quite removes the bitter flavour. 
Highly odoured red wines, when mixed with white ones which have become yellow, are much 
improved in flavour and quality. 

The practice of mixing wines not only improves and assists in preserving them, but also renders 
them oapahl© of being transported for great distances without fear of injury, which could not 
possibly have been the case with the unmixed wines. 

The well-known harshness of some Bordeaux wines f« frequently corrected by adding Hermi- 
tage, and oelouring with those of Gahors, Gard, and Hdrault ; these mixtures can only be made 
when the wine is new, in order that, after mixing, they may undergo an insensible fermentation, by 
which the added l^ines ore closely united with the Bordeaux ; the result is a flue wine commonly ' 
sold ss Hedoo. 

It wUl thus be seen that the win^ to he used fur mixing, aud their {sroportions, vary extremely, 
and must be adapted to the diflerent tastes of different consumers. The taste of the majority of 
Englishmen is quite diflremt hrom thsd of the Eusslans, oBd that of the Bossions Is different again 
from that of the Germans ; and thewine-deoW IfObliged, in order to satisfy all demands, 

to make a ptcicund study of this q^mslioii of mistnres. bos also, by various means, to increase 
the steength of his wines, If ihey ate dei^sd English market ; this ho frequently 



fementatiim in it by adding os&maaied ■'■' ’ ;i4/ ; 

In the South of France, ^ winec cMefly xmA iofr nriiing are those of ABea^^toiottii^ 
Hermitage, EousiUon, QaiHae, and others In Borgondy, when the vintage has iBfta A aesaH 0m^ 
the defioii is made up by adding equal portionfi of the wines of Tavel, Cher, BonsUlon^ iii]rK^KiboiOB% 
then a sufficient quantity of water to bring the mixture to the regular alcohcSie i^rength,. 
These wines, when brought together, speedily undergo a continuation of the fermenting process, 
wbiejoiv renders them absolutely hoinogeneouB, and produces a wine which cannot be distitigaiihod 
i^Pijlbk tl^ finest Bordeaux. For a wine of the first quality, the proportions of the mixture are 


Wine of Cher 

„ Marseilles .. 

„ Bordeaux (white) 
„ EousiUon .. .. 


1 pipe. 
1 „ 

1 M 

10 gals. 


For a wine of the second quality 

Wine of Touraiue 1 pipe. 

„ EousiUon .. .. 10 gals. 

jfnd for an ordinary wine 

Wine of RoueiUon 1 pijxi. 

„ Burgundy , . . . 30 gals. 

River or rain water 1 pipe** 

Alcohol.. 5 quarts. 

(kK}d vincgur 1 quart. 

Tartaric acid . . . . . . 500 grm. 

Tannin 59 „ 


When the wine is of too deep a colour, n dry, white wine may be substituted for the Burgundy. It 
is advisable to allow the mixture to stand for a month or more. 

It Is often the practice to send mixed wines into the market ns soon os they are made ; but this 
is a great mistake, since the eloiiKnits of the mixture liave not Itad time to become properly mixed and 
to form a homogeneous wliole. A mOuth is generally sufficient to effect this, but in the case of some 
wines a much longer time is requisite ; others, indeed, never mix at all, the particular taste of each 
single wine is distinguishable after a considerable lapse of time. 

When a wine possesses certain characteristics which render it of superb quality, it ought never 
to be mixed with other and* inferior wines, na is too frequently the case. An old wine, unless it is 
deteriorating und lacks froslmess, ought not to |>o mixc'd with wine of less than two years of ago, 
at tliC risk of losing both lK>uquet anti colour. No wiuo whicli Ims undergone alteration or deteriora- 
tion of any kind should ever be used for mixing, or the disease will inevitably spread until the 
whole mixture is ruined. The improvement of a wine is commonly ofiected in one of two ways : 
either by natural means, such as mixing it with one or more different wines ; or by an artificial 
method, such ns imparting to the wine itself, or to the mixture, those particular priuoiples which 
are lacking. Examples of the first method are afforded by mixtures of the wines of Touraino and 
Ohor, mode for the purpose of improving the former ; by mixtures of different brands of Burgundy ; 
by mixtures of strong and weak wines, or of a wine which is becoming euft>ebled by age with 
another of the same brand but some years younger, &o., &o. By the second method, wines lacking 
swtMjtness are improved by the addition of syrup ; wines which ore too sweet, by the addition of a 
little sfdution of tartaric acid; those wanting in bouquet, by affording to them the particular 
bomiuct by which they are oharaetorized ; and those which have none at all, by the addition of 
any which may bo desired. By those and various other mesihods, and with the exorcise of a good 
deal of judgmemt and experience, the wine merchant is able to remove or cover any defect to which 
n wine is liable. 

In thc'so processes of mixing consists the great art of cellar management, and to such an extent 
is it carried on, both abroad and iu England, that it may be ooiiflitntly asserted that few wines ever 
reach the consumer in an un mixed or natural state. 

Sirm^fthoning IVincs. - Wines ore often strengthened by the addition of alcohol, for the purpose 
of rendering thorn preservative and preventing alteration, The fortification is generally performed 
• with Montpelier spirit, of 86® ; it is preferable, however, to use spirit of about obtained by 
distillation. 'J’his method of fortifying wines is very defoctive, since it imparts to them a crude, 
rough flavour and odour, which will not {)^n)iit themio be us^ for a Very long period. To avoid 
this, the following mixtiures may be employed with advantage, instead of the raw spirit 


Water .. .* 

White sugar ,. 
Carbonate of soda 
Bure tannin «. 
Alcohol («e®)., 


youtim 
fl kilos. 
Sflgnru 





V 
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\ J ^ i ■“ '“ 
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img^lar .. .* <l|» 1*1* *1* kj 

GnilMittiteof soda:. «« ». U 

|^<ip(#«iimln .. ** •« .• t. 
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^nMl^tli^ hat of tfeefleprepai^uiiii the eogar and cafboiiiito of iodft dkwtwS Stt ^ 
WttioTfc mi the epitit is then twided. For the second, the sngsr, previously diaeolved on the titt Ih 
a little vater, is added to the brandy, then the caroonate of soda, alao dissolved in a little 
and flhally the test of the water is added. These preparations improve much on being kept 
use trill preserve wines from many maladier, and will even restore those which have been IsAred 
tospoii 

Imiiatim of Wines. — ^The practice of .xddiog various substances to inferior wines, in order to pass 
them off m wines of great age and value, has become extremely wide. All sorts of tinctures and 
infusions are employed iu making tlisse imitations; and it will I'J well to give here the recipes 
from which they are chiefly preiiarod, and then to point c ut briefly the methods used to imitate 
certain wines of woll-known brands The following are a few recipes for these tinctures ^ 


Tincture ol Iris. 

Alcohol (5U® to 58*^) 1 litre. 

Water .. .. ^ „ 

Florentian ins (powdered) 125 grin. 

Allow to stand for twcnty-loor liours, then distil to obtain 1 litre. 


Tincture of Strawberry roots. 

Alcohol (85° to 90°) 

Dry strawberry roots (powdered) 

Tincture of lion. 

Oxide of iron 

Crystallized tartaric acid 

Water 

Dissolve these by heat. 
Tinoturo of the dried husks of nuts. 

Alcohol (85° to 90°) 

Dried husks .. .. 

Infusion of Baspberries 

Alcohol 

Kasiibcmes (ripe and picked) 

Tincture of Almonds. 

Alcohol (85° to 90°) 

Esbcuce of bitter almonds 


5 litres. 
500 grm. 

500 grm. 
500 „ 

2 litres. 


5 litres . 
500 grm. 

10 litres. 
10 kilos. 

5 litres. 
5 grm. 


These preparations, after about a mouth or so, may bo utihzcxl in imitating various diflTercnt wines. 
If it be required to make Burgundy, Macon, or Bordeaux, those wines are chosen which most resemble 
the one required iu age, etdour, strength, &c For Burgundy, a small quantity of the infusion of 
raspberries is added to each cjisk, either alone or with a little of the tincture of almonds. For 
Mlicon, the infusion of the husks of nuts and the tincture of strawberry roots are employed, a 
litre of eanli being added. For Bordeaux, the tincture of iron is used to produce the characteristic 
roughness; 1 to 2 litres of the infusion of raspberries to every cask of 280 litres; and a mmuto 
quantity of tlie tincture of iris to give the bouquet. The exact quantity of these tinctures 
requiied to give the right flavour or bouquet must be left to the dealer, as they depend entirely 
upon the nature of the wines deallhvbh. > 

Various shades of colour are imparted to wine, when necessary, by adding small quantities of 
tinctures made from different foreign woods. Some wines, owing to age, begin to lose their 
eharacteristie qualities; this is frequently prevented by adding to it wine of the same brand, but 
perfectly new, by i^hlch means the old wine regains its freshness, colour, or bouquet. As a rule, 
however, the okier the wine the finer does it become and Hie more agreeable is it to the palate. 
For this reasmii many plans have been resorted to in ordpr to make a new wine pass for an old one. 
These methods Jfarely snooeed in deceiving a practised taifer, and since they almost always iiyure 
the wine to some extimt, they are not by any means to be leaommended. 

It is seldom absolutely necessary totmpart fictitious o<^Awre to wines, but .* is the custom to do 
to in order to gratify the eye of the eoMumCr ; this is espe^ltlly the case in mmo^a when the grape 
has not amved at full maturity, and the irine is, consequently, of a poor oolour. Many colouring 
prepatations see made for this purpose ftm difiSwent ImH^u and Bmailian woods, and from the 



lu BETBBA6ES« 

seeds and berries of the elder-tree# privet, daoeiforti pf 

sueh preparations any desbped sliade of oolcmrv«lay lie itesUy obtained. A 
imjmrting cojemr willi bowev©r,be found in employment of red lioUylaW drie^^nd 

pkked, and steeped in either red or yrbit© wine. This preparation, made wben Of 4 

days previously, will serve to give a white wine any desired shade of red ; and if ftttr somo 
|iine,4t becomes capable of imparting a very fine brownisb-red tinge. Its spooM advantage k 
It oannot be detected in wine bj^any process whatev^. By fermenting mulbcrries,•«i^^re]^ptttiotI 
may b© made, having not only a magnificent colour, but a very fine perfume also; by mixing it 
with brandy, a colouring medium is obtained which is quite equal to the preceding, and of a far 
superior aroma. Tiiese substances, and some others, have been employed in France for colouring 
wines with the most complete aucooss. 

The method cf making the first-moiitioned colouring preparation, viz. that from the hollyhock, 
is as follows : — To operate on a large scale, a cask is raised slightly from the ground on a wooden 
stand ; this cask has a trap-door in its bottom, for the introduction and withdrawal of the fiowers, 
and also a pK^rfomted false bottom, placed about 4 in. from the real bottom, and a stop-cook 
midway Ixjtween the two. It is then filled to nine-tenths of its capacity with dried and carefully 
pick^wl leaves of the red hollyhock flowers, and win© poured upon them until the cask is quite full, 
when it is covered over. After a jieriod of eight days or more, the wine is drawn off into another 
cask and the flowers allowed to dram before lx)ing covered with wine afresh ; the second infusion is 
added to tho first. A little tartaric acid is added to the tiucture in order to brighten the colour, and 
also a quantity of alcohol, after which tho whole is allowed to age. The flowers may be infhsed 
once or twice more, and should finally be well pressed to extract the remaining drops of wine. 

Throe Imucln'd gnunmes of tho 1< uv( s are aiifficieiit to impart to 100 litres of white wine, a fiotitions 
colour rosombliug that of the wines of Nurbouiie. In order to know what quantity of tho flowers is 
necessary to heighten the colour of a light wino to tho required degree, a litre of the wine is taken 
and such a quantity of the tineturo is added to it as is necissaiy to produce that colour, tho 
quantity being carefully noted. The correct proportion required to colour 100 litres, or any other 
quantity, can then be roaddy deduced. 

Til© method genomlly employed to extract tbo colouring matter from the berries of the elder- 
tree, privet, daiiowort, whortlc-borry, or mulberries, consists in bruising tbo fruit and subjecting it 
to fermentation, with tho addition of a little water if noecssaiy. Or the fruit may be infused 
simply in alcohol, at from 05^'’ to 85^^; such infusions have a finer aroma than the products of 
fermentation, and they arc mor<^ readily preserved. A little solution of tartaric acid may be added 
to them with advantage about once evc'ry month. 

Fruity or Ik/neitr wines con tain less water and more sugar and alcohol than tho dry wines, and 
have also a stronger aroma. Tlicy aie generally of a somewhat syrupy consistence. Owing to their 
large propoitions of alcohol and sugar, they have tho property of keeping for many years without 
undorgouig sensible change. The best known and most cahemed of theso wines are those of 
Alicante, (Srcnache, Cyprus, Lscrymas OhrLsti, Madeira, Malaga, Tort, Sherry, and Tokay. Tho 
liqueur wines of commerce ^ire, however, almost always imitations, made at Cette or Mont- 
poli(T. They arc made by mixing diftcrent wines with alcohol and sugar, and some aromatic 
intuHiou, in such proportions as agree with the character of tho wine imitated. These aromatic 
substances are very numerous ; thfHJO most frequently oraployoil are infusions of raspberries, green 
walnuts, olovos, iris, and bitter almonds; recipes for those are given below: — 


lufusiou of rasiiberries.— Alcohol (h5% An oqnal quantity of ripe and carefully picked raspberries. 


Infusion of green walnuts. — Alcohol (85”) 100 kilos. 

Green walnuts 100 „ 

Infusion of cloves. — Alcohol (58”) 4 litres. 

Bruised cloves .. 500 grm. 

Infusion of iris.— Alcohol (85”) 4 litres. 

Grated iris (Provence) .. . . 500 grm. 

lufusionof bitter almonds. — Shells of bitter almonds .. 20 kilos. 

Alcohol (58”) 40 litres. 


Tho shells should bo roasted like coffee berries, and plaSisd in tlie sjdrit while hot. 


Those infusions ought to bo made a month or two before tlil^ are required for The recipes 
of some favourite liqueur wines are as follows^—- 

Alicante. — ^Wiue 6f Bagnols ♦» 80 lltiei. 

Alcohol (S5°) .4^8 ^ 

Wyrup of raisins ,, “10 „ 

Water ; ^ ;; 

Mix well together, aud add a little of tho infhsl^m of irisl 



' Mi 

4*^# if# 

« AIooJioL(85°).. . .. *. .* 4 . .4 if ff 

%ta^m 0t wahmtB I 

White 8ug^ *. ildi<»[* 

wmt ! * s 

Hlat Ih^ 4iflfemit wines together; add the alcohol and the infusion of welnute; disaelte th< 
siigdu^ fa the and boil till the aolution becomes ot a golden colour ; add it to the miiStoe 
with a Iti^e of ;3ie infusion of cloves. * 

Gr©aache.-*-<)olUoare (dry) 80 litres. i ^ 

* Syrup of raisms .. .. 12 „ 

I ifUKion of walnuts 1 

Infusion of bittcu almonds ^ . 1 

Alcohol (S5°) 5 „ 

Burnt sugoT (yf*now) 500 grm. 

Proceed as for Cyprus. 

Lacrymm Christl. — Bagnols (old) 85 Utios. 

Gum kino .» .. 50 gim. 

Infusion of walnuts .. .. 1 litre. 

SjTup of raisins .. .. G ,, 

iVlcohol (8,5°) 8 

Biilsolve the gum kino in the ulcoUoJ , mix tin whole together, and allow to stand. 

Madeira.— Picardun (dry) 60 litres. 

Tavel (old and strong) 25 „ 

Infusion of walnuts 2 „ 

Infusion of bitter almonds 2 „ 

Sugar candy 1 *5 kilos. 

Brand) (58°) 10 litres. 

Melt the sugar candy in a portion of the wino and mix the whole together. 

Malaga. — Bagnols (old) 80 litres. 

Syrup of raisins 10 „ 

Infusion of walnuts 2 „ 

Alcohol (85°) 8 

Proceed as for Madeira. 


I*ort.— Rousillon (old) 70 litres 

Old Ratafia 25 „ 

Alcohol (85°) 5 „ 


Mix thoroughly, and set aside for two months. 


Bhciry. — Add to tlio substances indicated for Madeiia, 
infusion of white raspberries. 

Tokay,— Bagnols (very old) 

Syrup of raisms 

Briod oldc^r flowers 

Infusion of wiiite raapberrics 

Infhsion of walnuts 

Alcohol (850) 


from 1 to 2 lilre.s of ar 


80 litres. 
10 „ 
300 grm. 

2 kilos. 

1 

6 litres. 


Dissolve the syrup in a little warm water; infuse the elder flowers in it until cold ; pour the 
wine upon it, and agitate the whole briskly. 

The twp most important wines, viz. port and sherry, are adulterated to an enormous 
extent. 3tn Portugal the juice of elderberries is largely added to port m order to heighten 
its colour, and extract of rhatany for the purpose of improving the colour and imparting an 
astringmioe to the wine. In England, beetroot, Brazil wood, the juices of eldeVberrIcs and whortlo- 
bemee, the pressed dore of elder-wine, extract of logwood, &c., are commonly added to port to give 
it a flciltious eclcur ; and oak sawdust, alum, and extract of rhatany to give it an astringent taste. 
A mixture of elder-juice, grape-juice, brown sugar, and crude brandy, called is the 

commonest adulterant of port, both in this country and in Poi^gal ; its addition to the wine in bond 
is permitted by the Oustom-bouse authorities. 

A mixture commonly sold for cherry do^ists of Cape wl^ to which a nutty flavour is imparted 
by means of bitter almonds, and alhlness by the addition oll^oney, and rendered more alcoholic by 
a little plain c^trit or pale biandy ; this odxftire issulijeGhjil to an insensible Ihrmentation, and is 
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44S 

then fM)ld fts good tety. 8herry is ooloared by meaoB of dO(Doeiitottijd^1^^ dr ijpint 

colouring* • 

AU &o wines which have been considered above are the pure, genuine winw of fitie grape. 
Lsrge ^oantities of imitation wine are manufbctured, however, both in this country and in Freinoe^ 
and it know bought and sold to such an extent among the poorer classes that it k deniable to 
here the methods by which this inferior wine is made. Different recipes in common use 
for Its preparation are therefore given in full. 

1. To make 150 litres, take 50 litres of wine of Rousillon, Narbonno, or St. Gilles, of three years 


of ^©, yid 100 litres of the following mixture : — 

Odd river water 85 litres. Tartaric acid 800 gun. 

Common brandy 20 „ Powdered iris 15 to 20 „ 


Good vinegar 1 „ Powdered wood charcoal . . .. 500 „ 

Place in a barrel the water, vinegar, and brandy ; dissolve the tartaric acid in a little nf the 
mixture, and stir up the charcoal in it, returning the whole to the barrel and mixing well together ; 
boat up the whites of two eggs in a little water and add thorn to the mixture with constant stirring. 
In ^elve hours’ time tho liquid will be clear, when it is drawn off and mixed with the win© ; in a 
montlv or two tho liquor is fit for consumj)tion, and possesses the flavour, strength, and colour of a 
good rod wine. 

2. Add to 100 kilos of unpicked grapes 100 litres of the fallowing mixture 

River or rain water 100 litres. Boracicacid GOgrm. 

White sugar 18 kilos. G 'll! nuts (well bruised) . .. 80 „ 

Cream of tartar (iwdered) .. 300 gnu. Common salt 100 „ 

Infuse the gall nuts for twenty-four hours in an earthenware vessel with 1 or 2 litres of boiling 

water. Then crush th<i grap(*8 in a barrel, slightly rai^ed from tho ground and having a slop-cook, 
^i’ako 25 or 80 litres of the water and heat just to l>oiUng ; dissolve in it, first the boracicacid, then the 
cream of tartar, and afterwards the sugar and salt, adding the solution to the remainder of tho water. 
Pour in tho infusion of gull ruits and add the whole to the crushed fruit in the barrel ; mix thoroughly 
by agitation. 

The mixture thus made begins sponiancously and almost immediately to ferment, which continues 
for a week or more, In order to impart a good colour to the wine, tho stems and skins of the fruit 
are allowed to remain in tlie fermenting liciuor, and kept at tho bottom by means of laths. Tho 
btUTol is carefully covered during tho process. If a deeper colour bo required, it may be imparted 
by adding 200 or 250 grm. of dried hollybw.ks before fermentotion. This process complete, the 
wiue should stand for a day or two, aiul nmy then bo (drawn off into a cask, when it enters at once 
into the soooudary or insensible formeiitatiou. 

3. Another common wine is often made from the m irc resulting from tho process just described, 
which is usually rich in ffjrmentable matter. One hundred litres of water containing the same 
ingredients as ere mentioned in the last reoi{)e, and also 200 grm. of dry, picked hollyhocks, are 
atldod to this mare. In loss than two hours, fermentation commences, and proceeds for some days, 
after which tho liquor attains oonsidorable strength and a good colour. It is usually added to the 
wine made by tho preceding recipe. 

Instead of tho 18 kilos of sugar employed in tho first recipe, 30 kilos of syrup may be used, the 
other ingredients remaining the sivmo. To obtain wine of good quality and capable of long 
preservation, the must should indicate at least 10° by tho sacoharometer before fermentatiou. It is 
nootUoss to state that tho more sugar tho must ooutains, the stronger and better will be the wine 
produced, 

4. A very cheap wine may be made by placing in a bucket 40 or 50 litres of river water, and 

adding 85 to 40 kilos oi raisins. Dissolve also 200 grm. of cream of tartar, and 40 grm. of boraoio 
acid in 1 or 2 litres of boiling water, and pour the solution upon the raisins. When the fruit has 
swollen until tho skins are almost bursting, the liquor is pofired off it, and it is placed in a bairel 
with 100 litres of the mixture described under the second recipe ; the barrel is then covered over, a 
small outlet being left for the escape of the gas. Fermentation commences only after a day or two, 
and should be provoked by inoossaut stirring for a few hours. The wine made in this way should 
be clarified in a month’s time with tho whites of six eggs to each cask. In the bottles it is very 
bright and sparkling. If suffered to age io the cask it becomes’ dry, heady) and pleasant to 
the taste. « « 

5. For another wine, either white or red, the Ingredients aro:— , 


White sugar .. .. 5 kilos. Common brandy 12 litres, 

Koisins 5 „ River water .. -. 85 „ 

Common salt 125 grm. GaU nuts (bruised) .. $0 grm. 

Tartorloaoid 200 „ Biewer^syeofet (in pa8t5> ,- 800 
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of liotwai^; kfesBtlisgall 1 ^ for tweofy-ibiir hours in 2 litres of boiling imier ; then dissolire tbs 
sn^r and salt in tboremMAdnrof the water, place the whole in a :!;|||^ ; add first the brandy, and then 
the yeast beaten np in two tumblerhils of water, and stir up b^sAdiy with aestiok insert throiigh^ 
the bong-hole. Xn twelve honrs* time, if farmontation has not oonuuenoed, it is provoked by 
renewed stirring, and then left to proceed jf itself. ^ # 

To make this wine of a red colour, it is necessary only to add to the above ingredients 250 to 
SPO gna. of dry, picked hollyhocks, taking care to keep them at the bottom of the cask. 

of Wwws. — ^Neorly all voices are subject to alterations of different kinds, many of 
them being easily prevei^ted or cured; some oocuV naturally, whilst others are accidental. Thoa5 
aie oonsideired to be natural dlsordero which art' not brcmglit about by outside causes, such as 
ropiness, sourness, bitterness, and loss of colour. Acokloiital disorders are principally the^MWultB 
of frost, contact with the atmosphere, or taints Uoriyed from the cask, mouldiness, and bad eggs. 
The means employed to correct these disordei*s have to be modified according to the age of the wine, 
and to the nature and development of the alteration. 

When a wine becomes ropy, it loses its fluidity aud ixcomca oily. White wines are most 
subject to this disc»rder, and eepoci dly those which Imve not been allowed to complete JJioir 
fermentation. It occurs chiefly hi'ter a rainy season, when the wine contains but little tartar and 
tannin. It rarely needs special treatment, as the wine usually recovers in the course of time ; if it 
does not, a good cure is to add 30 grm. of pun^ tannin dissolved in half a litre of alcohol at 85°, 
and to whip the mixture well. Soumoss is the most common disorder of all wines; it occurs 
chiefly in wines fermented in the presence of uir. To avoid it, the casks destined to receive wine 
should always be sulphured, as has been stated already ; groat care must also be taken to allow as 
little contact with air as possible, both during fermentation of the must and the several racking 
operations. It is almost impossible to permanently restore a wine which has advanced far in this 
malady, since it almost invariably reappears after a length of time, however much care be token to 
avoid it. The best way out of the difficulty is either to mix it with a sweet wine for immediate 
consumption or to disjwac of it to the vinegar manufacturers. 

Bitterness is a common disorder of aged wines and especially of Burgundy ; it is always 
preceded by an alteration of colour. It may be remedied by adding to each cask affected, 135 grm. 
of tartaric acid, or more, according to the degree of bitterness, and from 10 to 15 grm. of tannin. 
This treatment generally arrests the progress of the malady, and if after eight or ten days it be 
drawn off into a sulphuj od cask, clarified, and treated with 200 grm. of well- washed vegetable black, 
it will probably bo restored to its original condition. 

One of the principal accidental alterations of wine is the effect of heat. Too high a temperature 
in the cellar is likely to excite active fermentation in the casks, which frequently results in the 
bursting of the latter and the entire loss of the wiuo. To avoid tJiis, a quantity must be drawn 
from each'oaak, and air freely admitted, in erder to check the process. Sometimes ice is introduced 
into the casks, or a quantity of fresh cold water for the wuno purjMise. The most effectual remedy, 
howevor,j|^ to submit the wine to two consedutivo rackings and clarifi cations in a well sulphured 
cask, with the addition, before each racking, cf from 400 to 500 grm. of iwwdored wood cbaroool. 
When, in very cold weather, a portion of the wi^o has lH3como frozen, it is best to draw off the liquid 
portion, since that which is solidified is nothing but water and may bo removed without injury, the 
wine being rather strengthened aud improved thereby. If the wine be allowed to melt again, the 
colour will be seriously impaired. The casks into which it is drawn must bo well sulphured, and 
a little tartaric add may be introduceld with advantage, in order to assist in restoring the natural 
colour. 

Taints arising from mouldiness are due to the condition of the casks when filled. Wines tainted 
from this cause, or from the use of unsound eggs in the clarification, must never be dixed with 
other wines, or they will infallibly impart their disagreeable taste to the whole mixture. When so 
tainted, the wiae should be racked off, and pieces of well-burnt wood charcoal introduced into the 
casks to ptfrify it. It may then be racked again on the following day, with tl>e addition of 500 grm. 
of good oil, well whipped in. It will not be fit to mix away with other wines until it has stood in 
the eask at least a week or ten days. 

Wines which have been affected with any of the disorders mentioned above, and successfully 
treated, fdiould be at once disposed of for immediate consumption, since the affection is liable to 
return, ato a lapse of ^me, with renewed energy. Bopinoss is the only disorder which It is possible 
to effectually and permanently cure. • • 

secret of botUlug wine with success comets in the exercise of much care and 
cleanliness. The bottlea should hs sound, clean, and dry^fiud free from the least trace of mustl* 
ness. Bxpbrienoe proves that wines bottled in fine, dry feather preserve thefr clearness and 
liquidity much better than those bottkd in damp weathfr, ec in a southerly wind. The wine 
should be clem and brilliant, or it^nmst he chrefnlly fined aap dsrified before bkng finally bottled, 
e ' 
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Vimked, it 10 well to inibmit it invaviftHy to ib?$ ptooeAi’^teriotuI^. ' 
shaking the cask, and so distributing the sediment during the operation. The pQirtkn, 

which oannot be drawn off clear, i^uld be strained through the “ wine-bag*' and botilod m 
. inferior wine. The corks should be of the best quality, and immediately before beinf placed in tbe 
bottles should be compressed b^ means of a cork-squeezer. They should also be ooated with a wa*, 
«when inserted, in order to preserve the mouth of the bottle from moisture, insects, &c, A good 
iceoipe for such wax is to mix and melt together the following substances 

Besinous pitch 1 kilo. I Tallow lOO grm. 

Burgundy „ 500 grm. J Prussian red 126 „ 

The quantity so made is suflloient to wax 300 botries. In performing the operation, in order 
to avofa bursting the bottles, the mixture must be kept melted at a heat below its boiling point, 
and the nocks of the bottles must be perfectly diy. 

When the process is finished, the bottles should be stored in a cool cellar, and on no account 
placed in an upright position, or in damp straw, but ou their sides, in sweet, dry sand or sawdust. 

To give a wine sparkling properties, a few grains of white lump-sugar or of sugar candy may be 
intrpduecd in tlie bottles before finally stoppering. Champagne is invariably treated in this way 
in Franco, Tlie sugar utidergoes gradual fermentation during the sojourn of the wine in the bottle, 
and a quantity of carbonic acid gns is thus harmed and held in solution until the bottle is opened’ 
thus affording to it the agreeable briskness and creaminoss, which are so much prized in sparkling 
wines. 

Wine-prodnction.-^Amoxi^ ih(' wijie-producing countries of the whole world, France occupies the 
first place both for quantity and qiudity. In the year 1788, the total amount of space covered by 
the vino in that country was about 3,365,000 acres; in 1829, it was estimated at 8,975,000 acres; 
in 1849, ut 5,482,000 acres ; in 1859, at 5,875,000 acres; and in 1809, at 5,975,000 acres. * At tlio 
present time, notwithstanding the loss of Alsace and liOrraine, the area covered by vineyards in 
France may bo considorod, in round numk^rs, 6,500,000 acres. Those figures serve to show to what 
an enormous extent the cultivation of the* gmpe has increased during the last century. 

The departments in the south-east ol France are admirably situate, as regards climate and soil, 
for the production of good wiiu? ; the produce of tlii.s region might bo made equal in every respect’ 

If not superior, to the wiiioa of Beaujoluis, Medoo, Hermitage, and Tokay. Unfortunately, however 
by much the larger portion oi it is rendered inferior by udultoration and mixing. The principal wines 
of some of these departments are the following - (red wines), Chnselan, Tavel, Saint- 

Genifes, Lirae, Lodekm, Saint-Laiircnt-des-Arbros, Cante-Perdrix ; (white wines), Frontignan, 
LuncI, Marseillan, Pommerols, Marauswn. PyrMcs Oricntales—(rinl wines), Bagnols, Ooporous’ 
Collioure, Torsenillu, Terrats ; (whjto wino.s), Rivesaltes. Basses Pyrenees — (both red and white), 
Juranyon, Gan. ]ancywsc-^(r()d wines), Ooteau-Brftle, Clos de la Berthe, CIos do Saint Patrice! 
AadcA'— -(both rod and white), Liinoux. A(^ws-ifaAty<Mc«~Gaude, Gagnes, Saint-Laurent-du-Var 
Saint-Paul, Bellet, Basses- A Ipcs—M^os, Munosques, yalensallcs. ^ 

Tho south-western district produces on an average 12,331,000 hoctols of wine anmially, and 
worth at tho very least 406 millions of francs. Tho principal wines ore :-~(?»roade— (red wmBs),’cios 
de Lafltto, Clos de Latour, Olos de Chateau -IVIurgaux, Clos de Hautbrion, Clos do Rosan, Clos do 
Gorso, Olos do Leovillo, Clos do Uroso, Olos de Brano-Moutou, Clos Pichon-Longuevillo, Clos 
CaUm, Pauillae, Possat;, Sainte-Estophe, Saiut-Julien, Castelnuu de Mddoc, Oantenao, Talenoe 
a^toB do Oamm ; (white wines), Saiut-Bris, Carbonieux, Pontac, Sauternes, Barsac, Preignac 
Bojmmes. Langon, Oerons, Pujols, Hats, Landims, Virlade, Sainto-Croix-du-Mont, Loupiao! 

(red wines), Cap-Breion, Soustons, Messango, Vieux-BoucaUcL lot-et-Garonne---(vfhitQ 
wines), Olairae, Buzot. IMogno-^-^vod wines), La Termsse, Pcchermont, Dcs Farcies, Campi^aL 
Sainio-Fois-dos-Vignos ; (white wines), Montboasillao, Suint-Nessans, Saned. 

In tho eastern district the chief wino-growiiig departments are the /ara, which produces the 
following white wines Arbois, Chateau-Chiilon, Pupilliri, L’Etoile, Qmntigny ; and the iVomc— 
(led wines), OHo-dc-VHermitage, Orosee, Mcrceurol, Gervant; (white wines), COte-de-PHermitage, 
Mercourol, Die, Vin do paillo de rHiwmitago. 

In tlie north-otistcrn district, the chief departments are Jlfarnc— (red wines), Veray, Versenay 
Mailly, Saint-Basle, Btmsy, Clos Saint-Thiorry ; (white wines), Le Closet, Silleiy, Al, llarenil, Haut^ 
villers, Berry, Dissy, Cramant, Avizo, Ogor, I^o Mesnil, Epemay, Taizy, Ludes, Oiiigny. 
<r<-Zoire^(red Wines), Monliu-k-Vent, Thorins, Chonas, Fieury, RomanJsohe, La ClMi|j«lle Gninehet, 
Mercuroy, Glary ; (white wines), Pouillyj^Fdasey, Solntrd, Ohaintre'. * 

In the central and northern districts ore (?dt<Hf’0»w(red wines), La»omane4I<Johri, 01^ 
tin, Ia Ptoikro, Le Richebourg, Musigny, Clos Vougeot, La Roinau<S©-Saint-Vtriiii** La Tadie, Le 
Clos Baiut-Georges, I^e Olos Bomeau, Le Clos du Tari, L^ Porota, La MaMid, Les BonW 
Mares, Clos de la Roche, Clos de Clos de BainMaeqnee, 0os de Maay^<}|M de Teraoilea. 
Clos de Marjot, Oloe d© SMiiWeftn, Vole, Knit^ Chambolie, FeWy, i|BaeQe» Morey, 
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SaTigny, Meursaidi CShMftgtie, Alx, Blagny^ Sautonay, Chendm roniw— <ied mnos), 

CJdte# OH^ettes, 06t88 de Pytois, C6t©s de Perriere, 06t©a dee Pr6aux, Odtes de la Obftinetffce, 
C5tes de Migraine, C6tea de CUirion, COtes d© 3oivina l^u^fcard, Pied de Bat, Chopetto, Judea, 
Bofioir, Irancy, Ooulanges ; (white wines), Vaumorillon, lies Gris^es, L© Clos, yalraur, Grenotrillo, 
Bouguerau, Mont-de-Milieu, Chablis. Auiw~<rod wines), lies Kiceys, Balnot-«ur4iaigne, ATixey- 
Lingey, Bagneux-la-Fosse. 

The culture of the grape in Algeria has developed sh vly dtiring the last twenty years, and, at 
the present time, several excellent wines are made in that country, the soil and climate of which 
are particularly favourabio. Some of iliese wines wei,* shown in tho Paris Exhibition of 1878, 
The Tineyards of Oran, M'^soara, and Tlemceii furnish fine red wines; those of Bono and Doudra 
excellent dry white wines. 

Austria produces annuaily, on an avcmge, 3,212,140 hectols. of wine. Tho Austrian territory 
whic‘i prwluc-es the largest quantity is Loviior Austria and Dalmatia, Tho lyrol, Styria, Austro- 
Illyria, Carniola, and Moravia come next. T1 k‘ northern pro educes also produce wine, but it is of 
an inferior kind. Austrian wines an' Ijotli red and whii/O, tho latto’ being dry. Some looalities 
produce liqueur wines, and r;pa.rklirig viinos arc rmide at Vdslo.i, in liOwer Austria and near Graz, 
in Styria. All these are made on thor mghly soiiiid and goo<l princi])leH. ^ 

Tho production of wine in Hungary is estimated at 2,738,520 heetols. annually. The most 
celebrated Hungarian wines Rie Tok.iy. Szamorodni, Szalniubor, Mcnes-Magyarat, liust, Saint- 
George, Sopron, Siimlo , tlio.so are all fruity or li<juenr wines. I’hon) are also many very highly 
esteemed dry winos, both red and wldte, mjule in Hungary and Transylvania; some of those are 
noted for their oxcelleut bouquet. Hin>g.arian wines are exported to Austria, Prussia, Poland, 
Ilussia, and Eogland; a very small quantity only is sent to France. In the Exhibition of 1878, 
Hungary was represented bv three hundred exhibitors, with more than 800 samples of ohoioo wine : 
red, white, fruity, dry, and 8parkli?)g. 

There is but little wine made in Rwitzerland, though there are a few vineyards which produce 
very superior wines. Tho red anti wlnto wines of Neutbhfttel are much esti'eined. In the canton of 
Vaud, there are three good brands, namely, those of Yvorn, Lavaux, and Lacoto. The canton of 
Valais prtxluces what arc known as “ Glacier” wines; and tluit of Zurich an excellent brand known 
as jJfeftonbach. Swiss winos arc carefully prepared. 

The soil and climate of Spain are in every respect admirably adRj)tod for the cultivation of the 
grape. The wdno produced by this country in the year 1878 amounted to 10,510,026 heetols., 
which, considering the extent of the country and its remaikuhlo advantages, is not by any moans a 
large quantity. Spain produces wines of many different varieties. The fruity wines of Spain have 
been noted for centuries for their exquisite qualities of perfume and flavour ; tho most oelobmtod 
are the wine of Xeres, or Sherry, Malaga, and Kota ; the next in order are the winos of M«n- 
tilla, Valdepenas, Carifiena, Peralta, and Sitgos. Spain produces also some sparkling wines. 
Sherry, Malaga, and Mont ilia come chiefly from tho piovince of Andalusia ; the two Oastilos 
furnish the winijs of Toro, Kuodu, Seca, Nava iiel Key, ^ dlarubia, Ocana, Yepes, Arganda, San 
Mnrtin, and the ctih'brated Valdeiamas. Saragossa, Catalonia, Aragon, and Navarie produce many 
C8te<'med red arid white wiiics, of which tho best knowm are thos(} of El Campo anti Oariflona. 
Finally, the provinces of Valencia, Murcia, Alicante, Cacercs, and Badnjoz furnish some very fino 
brands, amongst which may bo mentioned those to which one of these provinces has given its 
name, the wines of Alicante. Spain was represented in the Exhibition of 1878 by 1536 exhibitors. 

Portugal enjoys the same favourable conditions of soil and climate as Spain, and like tho latter 
country is justly renowned for the quality of its wines. By extending the (•ultivatiou of tho grape, 
however, Portugal might easily double its annual production, which during the years 1874, 
1875, and 1876 inclusive, amounted only to about 4,000,000 heetols. The wine-growing districts 
of Portugal are tho following: — Douro, Traz-os-Montes, Minho, Beira-Alta, Estremadura, 
Alemtojo, and Algarve. The average yield of the Douro is al>f)ut 400,000 heetols., comprising tho 
famous “ Fort,” which is so largely consumed in England ; and sonm other wines, as those of Muscat, 
Malvasia, Bastardo, &c. Tho second district, tliat of Traz-os-Montes, produces about the same 
quantity as the Douro ; they are very light, dry, and aromatic. All the other districts produce more 
or loss excellent wines. 

• The Portuguese island of Madeira has been oolobrut<*d for its wines for a very long period. Of 
the different varieties, the finest is ti»at known ns Malmsey, which is the produce of a particular 
vineyard ; next in order come tlie wines of Tinta, tk)rcial, Dual, nml Bnstnrdo All Madeira wines 
increase considerably in quality and in strength by keeping. They are much esteemed in this 
country. 

Tho situation of Italy is highly favourable to the cullivation of the grape and the production of 
good wines. The annual produce is about 27,000,000 heetols-, but this quanlity might be very 
considerably increased. In 1807, the produce of tho whole of Italy was 28,870,908 heetols. *, the 
average produce at the present time is rather less than this. The most celebrated Italian wines 
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are thoee which are furnished by the Tineyards in the neighbourhood pf VefiStttfl, one of which i» 
the excollout liqueur wine called Lacrynifle-Ohristi. The wines of Piedmont, known^s Barbera, 
Nebbiolo, Barolo, Gattiunra, Malvasia d’Asti, &c., are also much esteemed. The Sioilian and 
Sardinian brands, h^jwever, constitute the most important produce of Italy. The former island is 
renowned for its Marsala, Malvasia, and Moscati, and for tlie wines called Etna-Madeira and 
Syracuse. There were 158 reprosentatives of Italy at the Exliibition of 1878, and 417 samples 
were exhibited, each being accompanied by its analysis. 

Greece has long In^en celebrated for the excellence of its wines. The dry wines of Corinth have 
special qualities of bouquet and aroma. Tliorfc of the island of Thyra are considered to be superior 
to alf other Grecian brands ; four-fifths of theso arc dry and acid, the remainder being very sweet 
red and white wines, known as Vino Banto. The island of Cyprus is celebrated for the liqueur 
wine to wliieh it has given its name. 

Australia is fast taking a prominent place among wine-producing countries. The soil and climate 
of imujy parts are well suited to viticulture. Some of the wines are richer and more alcuholic than 
those of Portugal ; a few arc of soft, luscious, delicate flavour, while others rosomblo the Sauternes. 

^BLACKING. (Pm, Cirarjo ; Gku., Sti('fdwichst\) 

Blacking is a pfistv compound used for producing a polish on Idack leather surfaces, especially 
on the “upper*” and tla; edgos i)l' the soles and lieels of boots and sboi s. TUito arc numerous 
methods of maunffteturiiig this substaiuM' ; but in neuily all, tlie base is a black ('olouiing matter, 
usually animal chjirooal, mixial with Miibstances whicli Jicquire a gloss by fiiction, such as sugar 
and oil. The curhuu employ* <1 idiuiihl be in the form >1“ a very deep, linely powdered black. Since 
it always contuiiiH carbonate and j)ho.s])hai<! of limn, it is treated with a mineral acid in order to 
decompose those salts; a mixture of sultdiuric and hydrochloric acids is frequently used, the salts 
produced being acid i)lioHi>hnte of lime, sulphate and chloride of lime. Tlio sulphate of lime gives 
conHistence to the pasty mass, and the two otlu'r sidis being delaiuescent help to keep the leather 
flexible, No more a<;id sliould bi used than is sullica*nt to docomposo these salts, or the leather' 
will l)e destroyed. It is prohahly to pr<‘veiit this that noine mukers add a small <piantity of alkali 
to tlio blacking. S(*]n('tim(;H powdered gall-niiiH, sulphate of iron, indigo, and I'rimsiaTi blue are 
Incorporated with the l>lackiiig in onlot <o impart to it a good colour. Patty or oily matters are 
also sometimes added in (»r<l(!r to pn‘s<'i ve the flexibility of tlu' leather, and to neutralize any exces.s 
of acid wUicli may niimiii. 'flic consbh'uce of diflcront blackings varies widely, they maybe 
cloHHe*! either as liquid or as solid hlackiiig. 

The well-known liquid hhu'king of Day and Martin is composed in the following manner. 
Very finely ground animal charcoal, or bouc-bluck, is mixe<l with spi rm oil till the two are 
thoroughly commingled. IJaw sugar or tre aedo, mixed with a small portion of vinegar, is then 
added to the mass. Nt'xt a small measure of dilute Hul])huric acid is introiluced, which, by eon- 
vtTting into sulpiiale a large jnoportion of tlio Huui contained in the animal charcoal, thickens the 
mixture into the r<M]uir(;d pasty tuinsistcncc. When all elfi rvescence has subsided, but while the 
compound is still warm, vinegar is poured iu until the mass is sufllciontly thinned; then it is 
ready to he bittled for the market. 

The f(»U<)wing are other ways of making Ihpuvl blacking : — 

1. Animal oluirc,oal, 5 oz. ; treacle, 4 oz. ; swe^ t oil, ^ oz. ; triturate until the oil is thoroughly 
incorporated, then stir in gradually if pint <‘ach vinegar and beer lees. 

2. Animal cliarcoal, 1 lb. ; s])enn oil, 2 oz. ; ln'Cr and vim gar, t‘ach 1 i>iiit, or sour b'l r, 1 quart. 

8. Brjmnt and James’s imUarubher blacking. Indiaruhb r in very line shreds, 18 oz.; hot 

rapeso(xl oil, l)lh, (I gallon); animal charcoal iu fine jxiwtler, 0() Ih. ; tremde 4.5 lb. ; gum arabic, 

1 lb., previously dissolved in vinegar, No. 24 stiengtli, 2U gallons. The mixture is triturated in a 
colour-mill luitil jierfi'cily smooth, then placed iu a wooden vessel, ami sulphuric acid added in 
small successive quantities amomitiiig allogother to 121b. This is stirred for half an hour daily 
lor fourteen days, then JUb. of lincdy ground gum arabic are a4dcd, and the stirring repcatod 
for an mlditional fourloen days, when tiu! blacking will be remly for use. 

4. It has l)oeu projiosod to treat (ho leaves and other portions of the mastic gum tree, Pistacia 

by decoidiou or distillution, luincipally to obtain from tliem a blacking which dries almost 
immediately after application, shines without the ueooesity of being brushed, and is much Icsa 
liable to soil the clothes. 

5, Aom^ blacking. To riHJtified spirit, 1 gallon, is added blue aniline, 20*80 drachms, and 
Bismarck brown aniline, 31 *20 drachms, J;he solution of the two last being effected by agitation 
within eight to twelve hours. After the solution is completed, the moss is allowed to sadtlo, and the 
liquid {wirtiou is drawn oft' by spigots above the seiliiuent, and filtered if necessary. The alcohol 
is placed in the api>aratii8 first, then the colours, and the mixture agitated every hour for a space 
of ten to fiftcim minutes. Of this liquid J gallon is added to rectified spirit, 1 gallon, and in this 
are dissolved gum camphor, 11 oz.; Venice turpentine, 10 oz,; gum shellttc, ftOoz. To benzine, 
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1 gallon, add castor oil, 8 J 02., and boUod linseed oil; IJ fluid 02. The two solutions are then 

united by agitation, but should net be allowed to stand orer two days in any v^essel of iron or zinc, 
as in til© presence of the gums the colours will be decomposed by contact with zinc in eight days, 
and with iron in eighteen to twenty-four days/ > 

6. A quantity of ordinary sbirch is dissolved in hot water, and while still hot oil or wax iS 
added, the mixture isistuTod and allowed to 300 I. When cold a small quantity of iodine is added 
to give a bluish-bhick colour. To a gallon of this are added 8 oz. of a solution of perchloride OSf 
other per salt of iron, and a small quantity of gallic or tannic acid (or botJi), and sometimes about 

2 drachms of oil of cloves with 8 oz, glycerine. Tne w' ole is thoroughly stiiTed. 

Paste blackings are uIho made in a variety of ways, of whicn the lollewing aro tbo chief 

1 . Bryant and James’s iudiarublicr blacking nwy lie matic in a soliil form by reducing the pro- 
portion of vinegar from 20 f allous to 12. The compound tiion only re(]uirca st irring for alxiut rfx 
or flcveu days in order to prepare it for jse, and it may be liquefied hy Hiibsequont addition of 
vinegar. 

2. Dr. Artus manufactures blacking from the following matoriab: — Lamp-black, 3 or 41b.; 
animal charcoal, | ib. ; aro well mixed with glyvt'rino and ir; tide, ll>. Mi anwhdo gntiaporcha, 

is cautiously fused in an iron or copper iaucepnii, and to it is added olive oil, 10 oz., with 
continual stirring, and afterwards stcarine, 1 oz. Tiic warm mass is added to the former mixture, 
and tlien a solution of gum bcnogal, o oz., in water, H Ib., and 1 drachm l ach of oil of roaenmry 
and lavender may be added. For use it is (Ulut«.d with three or four parts of water, and tends to 
keep the leather soft, and render it more dnuible. 

3. All ordinary pmde blackings require to ho iniv, d with Hnine liquid before application, causing 
considerable waste. It is claimed for the suh’oined method of pr(!(»a ration, that by its moans the 
blacking is rendered of such a condition that when merely dipi)cd in waior or other solvents the 
required quantity cun ho rublxHi on to tbo ariiide to he blacked without the cake cnimbliiig or 
breaking up. Tlie ingredients of the blacking are those in ordimuy use, but it is brought to the 
required conhistonce hyeoiuhi nation with llussian tallow, in tins jiroiKiition of 3 jxt cent,, and casting 
th(' mass into the de.sircd forms. Thc.s(' may be cylindrical, &c., and may be enclosed in covers of 
cardboard, tinfoil, &c., in which the blacking can Blid(!>, ho that wIku one eiul is pushed out for 
use. the remainder acts ns a hamlh'.. The exposed end, when daiiqK'd liy iininorsion or olherwiso, 
can be rubbed on the ariiclc without eriimhling. 

Tlie ivory-black (animal charcoal) which has been used in tho preparation of while paraffin, 
according to Letcliford and Nation’s patent, may bo conveniently used for making blacking. 

4. The addition of 8ul])hurio acid to animal charcoal and siigfir j>rod net's sul]>iinti' of lime and a 
soluble acid phosphate of lime, which make a tenacious prisbi. Thus ; Animal charcoal, 8 parts; 
mol asses, 4 parts ; hydrochloric acid, 1 part; sulphuric acid, 2 fiarts. T1 ic.mo are well mixeil. A 
liqui<i blacking may he produced from this by addititai of tho n('eo8.sary projiortion of water. 

r>. Fuller’s earth, 8 oz. ; treacle, .‘Hb. ; animal charct al, 2 11).; buttm* bcrnpiiigs, 4 oz. ; raj) 0 - 
sced oil, 4 oz. ; strong gum water, ^ fiint: powdered Frur daii blue, ^ oz. ; commercial sulpburic 
acid, 8 oz. If tho hlueking is required in a licjuid form, add 1 ] gallon of vinegar. 

C. To animal charcoal,! lb., add comiiierci.il sul[)hurie arid, 4oz. ; work them well together, 
and when tho acid has done its duty uj)on the charcoal add fish or colza oil, 4 oz.'; stir the mixture 
till tbo oil is thoroughly incor])orat('d, then pour in gradually a strong solution of washing soda or 
other suitable antacid, and continue the stirring till ebullition ce ases, or the acid is iieutndized. 
Next add about 8 oz. treacb;, aud then pour in a solution of gelalino and glycoriiic, in quantity 
about 2 quarts if liquid blacking is required, but less will Bullico to produce paste. The solution 
of glycerine and gelatine is made by dissolving tbo best size in hot water, in tbo proportion of 
4 parts of water to 1 of size, and then adding to ev(Ty quart of the liquid 1 J oz. of glycerine. Tbo 
addition of the glycoriiio and gilatine preimrntion gives great brilliancy, depth of colour, and 
permanency to the blacking when applied to leather, and at the sumo time makes it damp-proof; 
besides wliich tho antacid bus tbo oflcct of neutralizing tho snl])liuric acid emj)loyod, and thus 
prevents the injurious action of tliat aidd on the leather, as in the case of most ordinary blackings. 

For application to dress boots tbo following composition is pre|)urod : — (5rum arabio, 8 oz. ; 
mola8so.s, 2 02 . ; ink, 4 piut ; vinegar, 2 oz. ; spirit of wine, 2 oz. Dissolve tbo gum and molasses 
in tbo ink aud vinegar, strain, and then add the spirit of wine. 

Harness blacking is not made in tho same way as boot blacking. The following ere some of 
the methods of preparing the former kind ; — 

1. Glue or gelatine, 4 oz, ; gum arabic, 8 oz. ; water, f jJlnk Dissolve by heat, .and odd of treacle, 

7 oz. ; finely |)owdered animal charcofil, 5 oz. ; and then gently evaiKjrato until tbo compttiid is of 
tho proper consistence when cold, stiiriug all the time. It must l>e kept corked. 

2. Mutton suet, 2 oz. ; beeswax, 0 oz, ; molt them, and add sugar candy, 0 oz. ; soft soap, 2 oz. ; 
lamp-black,* 2J oz. ^ finely powdered indigo, j oz. When thoroughly intermixed odd oil of tur- 
pentine, I pint. 


2 a 2 
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8. Beeswax, 1 lb. ; auimal charcoal, J lb. ; Pnisi^an blue, 1 oz., grooad in linseed oQ, 2 oz. ; 
oil of turpentine, 8 oz. ; copal varnish, 1 oz. Mix them well, and form the mass introokes while 
it is still warm. 

4. Add to No. 9| while still warm, soft soap, 4 oz. ; oil of turpentine, 6 oz. ; put into pots or tins 
while warm. 

5. Isinglass, I oz. ; finely jvowdercd indigo, i oz. ; soft soap, 4 oz. ; glue, 5 oz. ; logwood, 4 oz. ; 
vinegar, 2 pints ; ground animal charcoal, oz. ; beeswax, 1 oz. Infuse the logwood in the vinegar 
for some time with gentle heat, and when the colour is thoroughly extracted strain it, and add the 
other ingredients. Boil till the glue is dissolved, then store in stoneware or glass jars. Said to be 
very uwiful for army harness 

6. Melt 4 oz. mutton suet with 12 oz. l)C 08 wax, 12 oz. sugar candy, 4 oz. soft soap dissolved in 
water, and 2 oz. finely powdered indigo. When melted and well mixed, add J pint turpentine. 
Lay it on with a sponge, and polish with a brush. A good blacking for working harness, which 
should be cleaned and pfdisbed with it at least once a week. 

, 7. Throe sticks of black sealing wax dissolved in | pint of alcohol, and applied with a sponge ; or 
luo dissolved in alcohol, and coloimd with lamp black, (ujswers the same purpose. This is intended 
¥ carriage harness ; it is quick drying, and hard and liable to crack the leather, so Should be 
apidied as seldom os possible. 

8. A good blacking consists of: — Hog’s lard, 4 oz. ; noat’s-foot oil, 1 G oz, ; yellow wax, 4 oz. ; 
animal charcoal, 20 oz. ; brown sugar, 10 oz. ; water, 10 oz. Heat the whole to boiling, then stir it 
until it bec^omes cool enougli for handling, and roll it into balls about 2 in. in diameter. 

9. Soften 2 lb. of glu<^ in I pin! of water; dissolve 2 lb. soap (Castile is the best, but dearest) in 
1 pint of warm water : after the glue has become thoroughly soaked, cook it in a gluepot, and then 
turn it into a larger pot; place this over a strong fire, and pour in the soap water, slowly stirring 
till all is well mixed ; then add ^ lb. of yellow wax cut into slices; let the mass boil till the wax 
melts, tljien add ^ pint of neat’s- foot oil and sufficient lump black to impart a colour ; let it boil a 
few minutes and it will bo fit for use. 

10. When baniess has become soiled it can be restored by tlie use of the following French 
blacking: — Sloariue, 4.} lb.; turpeiitiuo, Oj^ lb.; animal charcoal 3 oz. The sU'ariiie is first 
beaten into tliiu slioets with u mallet, then mixed with the tur])entine, and henbid in a water bath, 
during wdiich time it must bo stirrtal coiitinuidly. The colouring matter is added wlien the mass 
has become thoroughly bentcMl. It is thrown into another pot, and stirnal until cool and thick ; if 
not stirred it will erystallizi', and tla^ parts will separate. When used it will require warming; it 
should bo rubbed on the li'athor with a cloth, using but very little at a time, and making a very 
thin coat. When partially dry it is rublK-d with a silk cloth, and will then give a polish equal to 
that of newly varnishoil leatlier, without injuring it in any way. 

Liquid blacking is nsually filled into small bottles of very coarse stoneware, closed by 
corks. Baste blacking is formed into cakes, which ar(5 secured in waterproofed paper, generally 
prepared by steeping the paper first in boded linseed oil, and piessing, then banging up to dry 
for from eighteen hours to a week. Th<^ following is an improved way of making a waterproof 
pajier of superior (juality, thinner, but injunlly strong, and capable of drying in leas than a minute. 
The paper is stooped in a melted or llnid composition, <*onHi8ting of paraffin, wax, or hard tallow, in 
combination wiili crude or other tuipentine, in the proportions of two to one. It is then imme- 
diately press(?d, and the surplus composition is removed by passing it between rtdlers heated by 
steam. By using pajior in oudlesM sheets, the whole process might be made continuous, the paper 
being finished for use or storing by the time it leaves the rollers. 

It is obvious that the Jimnufuctnre of blacking roijuires neither skill nor capital. It may bo 
conducted on almost any scale acconling to the tlemund. The cliicf trade is, at the present time, 
in the liamls of one or two very large firms ; but smaller makers am scattered throughout the 
country. Tliough the consumption of the article is very considerable, its price is so low that it 
represents a small money value. It is neither exported nor imported in any appreciable quantity. 

BLACKS. Seveml manufactured carlx)naeeous substances are known in commerce under 
the generic name of “ Blaeks.” The most important of these are animal-black, . bone-black, 
Praukfort-black, ivory-black, ami lamp-black. They are usually obtained by carbonizing organic 
matter, particularly Ixmes, in closed vessels or crucibles, or by collecting tkie soot formed by the 
combustion of oily, resinous, and bituminous substances. Other blacks tlian those enumerated are 
manufactured, but. only on so small a scale as to he of no commercial imimrtance. 

A nim al -black. (Fa,, Ae«r anirml ; Gxa., Knochmachuam.) 

This substance is almost identical with bone-black, but is generally in a more finely divided 
state. An 3 ^ animal refuse matter may be used in its preparation, such as albumen, gelatine, horn 
shavings, &o. These are subjected to dry distillation in an earthenware rehjort. An infiammablo 
gas is given off, together with much oily matter, ammonia, and water, while a black carbonaceous 
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mA88 ifl left beliiiid. Hils ia vashed vith water and powdered in a mill, the product being animal- 
black. .It li largely need in the manufacture of printing ink (aee Ink), and of blacking (see 
Blacking). ,, 

Bone-black. (Fa., iVbir d’os ; Gee., Jr«ocA<»iAcAt'yir«r > # 

When bones are heated in a retort or crucible, the organic constituents are decomposed and 
carbonized. A mixture of combustible gases is given off, which do not condense on cooling; 
and others, which condense iu the form of a heavy oil, called bone-oil, and also much wat^ 
oontaining tarry water and ammoniacal salts in solutir'i. The residue iu the retort or oruoiblo 
consists of finely divided carbon in intimate mixture with the inorganic tjonstituonts of the bones: 
this mixture constitutes ordinary bone-Llaek, or animal charcoal, as it is sometimes called. The 
inorganic portion may, i»* rec|uired, bo nimoved by washing the residue in dilute hydrochloric 
acid. 

The process, as worked on Iho largo scnlo, is carried on in different ways, according as it is 
desired to collect the volatile oondenaable portion (^f the distillate, or to allow it to escape. In the 
latter case, when it is required to obtain only bone-black, th<» aj)paratiiH employed is of a very simple 
nature, and the amount of fuel needed is comparatively small. Tlio carbonization is effecie<i in fire- 
clay crucibles, 16 in. high and 12 iu. m diameter. Those are to Ixi preferred to oruoibles made of iiwn, 
which were much used at one time, since tliey do not lose their round form when subjcclod to a 
high temperature; in consequence of thit, tiny fit more cb sely togtdhcr in the furnace, less air 
can penetrate, and therefore less of the charcoal is consumed by oxidation. The furnace is an 
ordinary flat hearth, having a superficial area of about 40 srjuanj yards, and is covered in witli a 
flat arch, all of brickwork. The fireplace is situate in the middle of iho hearth ; the crucibles are 
introduced through doors in the front, which are bricked up whim the furnace is filled ; each 

ni2. 




furnace holds eighteen crucibles. The crucibles, filled wjth the coarsely broken bones, are covered 
with a lid luted on with clay. To economize fuel, the fuma^ should be in a row, and placed back 
to back. 

The arrangement of the furnace and pots is shown in Figs, HIS and 313. A is the fire- 
place; B, the crucibles, eighteen iu number, spread over the floor of the furnace in a single 
layer; c, d, <?, and / are the floes for conducting away the heated gases arising from the calcination 
of the bones, as w^l as the waste heat its^; last portion of tho flue is fitted with a damper y. 
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TJio ftmiBce* are intandoa to be' built iii fours, book to back. tbe wAte St serving in » great 
raeaeare to conduct the operation of the revivifying apparatus placed in the centre andejmar^ed 0. 

When tho fumaco is filled and the doors are bricked up, tlio heat is slowly to redness, at 

which point it is kept for six or eight hours. The combustible gases arc evolved and consumed in 
tho furnace as soon as the bones begin to decompose, and by this means so much heat is produced 
that only a small quantity of fuel is needed to maintain the required temperature. When the car- 
bonization is complete, the doors are taken down and the crucibles removed to oool, their place 
being immediately filled witii fresh ones. The heat must be kept as uniform as possible through- 
out tUo process ; if it bo not sufficiently high, tho bone-black will contain a portion of undecom- 
posed organic matter, which renders it quite unfi.t for use : if, on the other hand, the temperature 
bo raised too liigh, the bone-black will become dense and compact, wliereby its efficacy as a de- 
colorizor is much reduced. When tho charcoal in the crucible has become perfectly cool, it is 
removed and crushed. Whcai reqiiirc'd for decolorizing or deodorizing purposes, it is only 
roughly broken up into small lumps, in which form it is most readily applicable. The crushing 
is effected by means of two grooved cylinders, consisting of toothed discs, alternately 10 and 12 in. 
in diameter. Theso are so i)lMC<‘d that the 10-in. discs of one cylinder are opposite the 12-in. discs 

tho other, and thus, in revolving, the carbonized bones are crushed to fragments between tliem, 
but are not Tcduce<l 1o powdi.r. Tin y are passc'd successively thrnuglj six of these mills, the 
cylinders of each couple being nearer to each other than tho last. Finally, tlio cruslied bones are 
wirefully sit ved ; tho powd<,r is placed fl]>art from the Innips, again passed through finer sieves, and 
sorted out into difl'orent Hizos, 

A fnrnaco buch as that doserihed above will carbonize four charges of bones in one day, each 
charge iKUng more Hum }jnU' a ton in wcdglit. With careful work, the bones will yield GO per cent, 
of bone-black, <;r imjie than ono ton daily. 

If it bo ro(pured to condonsf! tlio volatile gasoouH prf)dncts of the carbonization, this process is 
conducted in retorts Biinilar to ilu^so ust d in mapufacture of acudic acid from wood: these are 
so arranged tliut tho whole of the ga.-eotis productH are cond(3n.S('d and collected. The aqueous 
portion of tho distillate is usually (wnporated down to obtain salts of ammonia ; the unoon- 
donsable gases may ]»o employe d for iUumiuatiug ])urposc8. The numufacture of bone-black is 
usually caiTi<‘<l on in the neighbourhood of large towns, where a goixl supply of bones may bo 
readily obta,ino<b 

Tlio principal use of l>nne-bbick, or animal charc()al, is to decolorize various solutions, parti- 
cularly syru])s ; inferior qnaUtios aro ustvl in the manufacture of blacking. The decolorizing pro- 
perties of this substance are exicn.sivoly made use of by sngiir reliiiors in tho purification of 
their di/rerent syrups (see Sugar), When it lues beeonu' unlit for the clarification of tho sugar 
liquors, the charcoal is purified for ro-ust! by processes whicJi will be described in the article on 
Sugar. 

Ordinary bonc-blac/k lias about Iho following composition : Phosphate and carlionato of lime, 
'and sulphide or oxide of iron, 88 parts; charcoal, containing a .small quantity of nitrogenous 
matter, 10 parts; silicatod carbide of iron, 2 parts. The decolorizing properties of lione-black are 
duo solely to Iho presence of the cluircoal. 

Wlien intended for use as a deodorizer or decolorizer, bone-black should bo kejit carefully ex- 
cluded from tho air, fur by exposure it losi's this power to a great extent, and l>ecomeB almost inert. 
That which has been freshly burnt in then-fim best for these puriiosoH. 

The cost of production of bone-black may be oulculateil as follows ; — 
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FrankfOTt-blaok. (Fs., AW * Fynnc/orl Geb, franJifurler ScAican.) ' 

k rtinkfort-blook ia a black powder obtained from dried vine*twi$6. carbonized to a full black 
ami thou ground very fine. On a large scale, it is pSlued from a mixture of vino-twigs, wine- 
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leoSy peach stones, bone shaving and ivory refoso. It varies in sbade aooording as the animal or 
vegotahlo <!iharcoal is in excess ; v^hen the latter predominates, the powder is of a bluish colour ; 
but when there is an excess of auimal chare ml, it has a brownish tinge* It is customary to wash 
the powder well when first made, in order to remove any joluble inorganic in^urities* The flnef^ 
Frankfort-biaok is probably the soot obtaniod ftom tlie combustion of tlie materials montiouM 
above. It makes an excellent pigment, and is extensively used by copperplate engravers in the » 
preparation of their ink. 

Ivory-black. (Fk., Nf>ir (flvoire; QE&,y Eifenbein Schwar^'.) 

lyory-biaok is a beautiful blade »)igmetit prepared by carbonizing waste fragments s-tld 
tamings of ivory. Tbe.*te are exposed to a red beat for some hours in cruciblec, great care being 
taken to avoid overheating or burning. When quite cold, tito crucibles are opened, and the 
contents pulverized, the richest coloured fragments being kept apart for the best quality. Tho 
powder is then levigated on a jK)rpliyry slab, washed woU with hot water ou a filter, and dried in 
an oven. The product is of u very beautiful velvety bhu k colour, superior even to that obtained 
from peach kernels, and tjuite free from the reddish tinge which so often clinracterizos bono-blaok. 
Ivory “black, like Fratildort-ldack. is employed by copperjlfd^* priniors in the preparation of their 
ink. Mixed with white leaxi, it ntto'da a rich pourl-grey pigment, ^ 

Lamp-black. (Fm., Koir dc Geu., Kicnrtm.) 

Lamp-black in an exceedingly light, duU-black powdei, formed by the imperfect combustion of 
oils, fats, resins, &c. It may be prepare d (»n a small scale by suspending a small tin-plate funnel 
over the flame of a lamp fed with oil, tullovv, or crude na])htha, the wick being so arranged that 
it shall burn with a large and smoky llamo. Lense masst^s of this light earbonooonus matter 
grmlually collect in the funnel, and may be rciuoved from time to time. The funnel should ho 
furnished with a metal tulai to convey 
the gases away from the room, but no 
solder must be used in making the cou- 
iiectiona. 

An especially fine quality of lamp- 
black is obtained from b<)n(i"(»il, deprived 
of the amruouia with which it is 
always coiitaininatod. It is manufac- 
tured on a commercial scale by means 
of the ajjparatus shown in Figs. 811 and 
315. The oil is contained in the lump 
A and kept at a constant level l)y 
means of tlie globular vessel B, which 
is also tilled with oil and inverted over 

A. Tlio oil flows from the lamp into llic tube 0, wide! is bent upwards at the further extremity on 
a level with the oil in the lamj). A cotton wick is 8U]« plied tr) the bent end of the tube, as well as 
a little spout D, for conducting away any oil that may overflow into the receptacle E placed 
beneath. A conical Imod a surrounds th<3 flame' of the lamp and terminatcH in a tube through 
which are conveyed the sooty products of the combustion of Ibe oil into the wide lateral tube c, 
arranged to acooiumodato the smoko 

from about a dozen such lamps placed 315. 

at intervals of about tl ft., as indicated 
in the figures. The effect of this wido 
tube c is not only to cool the smoko 
but also to collect the water and other 
liquids condensed. The smoke and 
vapours pass hence into d, the first of a 
series of sucks made of closely woven 
linen, about 10 or 12 fl. long and 3 ft. 
in diameter, closed at the bottom wdth 
a trap or slide e, and formed at the upper 
and lower ends of sheet-copper tubing 
made funnol-shapefk The upper one of 
tlieso is prolonged into an additional 
pipe /, by moons of which the smoko 
arrives at the second sack g in the series, 
thence finding its way to the third, and 

BO on till the last sack of the row is reached. In oonnectiou with the last sack of each row is placed 
a horizontal flue F, in which ore arranged frames covere<l “With wire gauze and mounted on hinges. 
Their purpose is to retain the small remaining portions of lam|)-black passing out with the smoke 
from the sackss The meshes of the||^iizo are coustaufily getting filled up with soot, which 
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necesfiitotes a periodical checking of the draught for its removal. This is done by means of 
the rod G, which, when raised and allowed to fall suddenly, jerks the accumulated *^es off the 
gauze. The current of air passing through the entire apparatus can be regulated by a damper 
placed at the entrai^e to the chimney in which the flue F enibouches. At regular intervals, the 
mouthpieces in the lower ends of the sacks are removed, and their contents are shaken out separately 
, and collected according to their various qualities. That gathered from the first sack in each row 
should always bo kept apart from the remainder, as it is much contaminated by the presence of 
resinous and tarry matters. ^ 

A process has been devised by Messrs. Martin and Grafton for the preparation of lamp- 
black from coal-tar, whioli affords a very good product. The coal-tar is first stirred up ener- 
getically with lime-water in any couveniemt vessel, after which tlie mixture is allowed to stand 
until the coal-tur has suhsidf^d to the bottom, when the lime-water is drawn off. The tar is then 
well washe<l by decantation with hot water, and rectified in the ordinary naphtha still. Afterwards 
it is run into a long iron cylinder, which is placed over a furnace, and supplied with numerous 
largo burners. Each burner has a mefiil funnel placed immediately above it, connected with a 
cast-iron pipe, into which all the fumes from each burner are conducted. The naphtha in the 
cylinder is heated almost to tlui boiling point by the furnace beneath. A series of smaller pipes 
lead away the fumes from the main pipe into a row of chambers, and thence into a series of large 
canvas hags, placed side by side, and coiiTH'ctt'tl ultcrnat« ly at top and bottom. Tlio bags vary in 
number from fifty t(* eighty, the last one being left open to allf>w the smoko to escape, after tra- 
versing some 400 yards since leaving Die burners. Tlie best quality of lamp-black is found in the 
last bags, that near the furnace Itcing much coarser and less pure. The bags are emptied when- 
ever they contain a sufficiont quantity. 

The process employed in (icriiiany for the manufacture of larap-hlack is to conduct the 
products of the combustion of any resinous matter in a furnace into a long fine, at the end of 
which is placed a loose hood, mad<5 of some wotdlen muti rial, and susjionded by a rope and pulley. 
The lamp-black collects in this hood, and when a sutficiout quantity has accumulated is shaken 
down and removed. In this manner about G owt. of lamp-black may be collected in twenty-four 
hours. 

In England, an inferior variety is Rometimes obtaine<l from the flues of coko-ovens. That 
known as liuHsian JAtmp-hlack is made by burning chips of resinouB deal or pine wood, and collecting 
the soot formed; hut it is objectionable, owing to its liability to take fire spontaneously when left 
for a long time moistened with oil. 

The lamp-black made in tUcMi) ways is generally purified by culoinatiou, in order to remove tlio 
ompyroumntio (uIh which it invariiihly <5oniainK. Tliis is effected in close vessels, and the product is 
called hto'ut lamp-black, ami is e.sp('ciall3' us(;ful us a walor-colour. The particular virtue of lamp- 
black as a pigment lies in its stafe of extremely fine division, which coulil not possibly be attained 
by artitlciul means ; Diis quality renders it invaluable as Die basis of black pigments, all of which 
contain it in n greater or less quantity. Indian ink and printers* ink are also composed principally 
of this subHiance. 

The transport of lamp V)luck is effected in barrels or bugs ; when in the latter, these should be 
previously soaked in water rontaining some clay iu suspension, which stops up the pores of tho 
sacking, and thereby prevontn loss. 

BT 4 I S AOHUf G POVSTDER. (I u,, Cklomrc / Geh., Chlorkulh^ Blcichpuiver.') — Synonym, 
chlorido of lime; formula, -p C'aCl^. ’ 

Tho exact nature of bb'achiiig powder remains still a matter of doubt. It is sometimes 
regarded as a simple compound of chlorine with lime— whence its name— sometimes as an 
oxychloride of calciiun, soinctimes us a mochunicul mixtun^, or as an absolute compound of 
oxychloride and hyiK>chlorito of lime. For tho various discus.sion.s upon this part of the subject, tho 
scientific render is referred to the writings of Millon, Frosenius, Kolb, CTace-Calvert, Schor- 
lemmer, and a host of others. 

Mloachmg powder, as ordinarily manufactured, is a dull white powdery substance, often 
agglomerated into small round lumps readily friable between the fingers. It always contains a 
certiiin amount of frew ohlorin<% which imparts a strong pungent odour, rather agreeable than 
otherwise, unless loo powerful. A small pen'ontnge of moisture usually present keeps it feathery, 
and it readily absorlfs a further amount of water when exposed to the influence of the atmosphere, 
finally turning into a dirty white paste. Under the influciice of strong light— especially sujishiiie 
deoomposition takes place, with tho formation of chlorate of calcium. The bleaching property of 
the compound is owing to the presem-e of chlorine, the most powerful bleaching agent known. 
The available amount of this' gas oontained in a sample of oHinary bleaching powder is about 
86 por cent. Beyond this about 4 per cent, goes to form chloride and chlorate of calcium. Of the 
86 per cent, probably 4 per cent, as a rule is free and disengaged during the various munlpula- 
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tion 9 preceding the aoitial bleacliing process. For this reason, it used to be onstoinar 7 to sell a 
S2 per'cenii^bleaoblng powder, a ’■id piobably an article of this oonstitutioti would b© as good for 
the oonsumer, and in every way l>ettor for the manufacturer, than the bleaching powder usually 
put upon the market. In the endeavour to secure a high strength, both loss ahd damge is caused, 
by the disengagement of free chlorine gas and the prolonged process of manufacture. 

The art of bleaching is of very great antiquity, and until a comparatively recent date consisted 
of alternate treatments of the substance operated upon by various alkaline washings and exposure 
to the action of the sun and air. In this way, the oxygon of the 
air formed some combination with the oelonring matte:' which conld 
be extracted by water or an alkaline liquor. The use of chlorine 
was first suggested by Berfchollet in I'^SS, and wiihin a fow years 
afterwards the process wes worked upon a couBiderable si^ale in 
Scotland. The gas was generated in a glass or wooden appa- 
ratus by heating a mixture of soU, peroxide of margai\e»e, and 
sulphuric acid, and passed into water. When a saturated solution 
was obtained, it ^ras removed, and the goods bleached by being 
immersed in it and thoroughly bo .led. The glass or w«x)den 
vessels speedily gave way to an apparatus oonstrufdcd of strong 
sheet lead, encased in a meta! jacket, with an agitator to eflhct a 
perfect mixture of the iugredieiits. IToat wnn applied by an 
underneath fi^re, or by a steam pipe introctucfnl between tlie lead 
and the outer shell. Thig improved apiiaratua was used exiensivoly for something like fifty 'years, 
an ordinary charge consisting of 120 parts of mangnnese^to 150 of salt, and 185 of strong sulphuric 
acid. The chlorine gas was taken off by lutes and pq)eH in a manner very similar to that to bo 
presently described. 

The addition of an alkali to the water — at first caustic potash— was made about 1792, and, in 
1798, Charhs Tennant, of Glasgow, pahmted the use of hj/ic, to 
bo employed as lime water. In tins way, tUo article known as 
“ bleaching liquor,'* still iriamifucturod occasionally for paper- 
makers, was obtained. In 1799. the absorption of chlorine by d/y 
lime was pntontotl, and the commercial article now known as 
** bleaching powder ’* introduced. 

The process of manufacture, as at present carried on, is as 
follows ; — Instead of mixing together the salt, innnganoHe, and 
sulphuric acid, the liquid hydrochloric acid obtained by condens- 
ing the gases from the sulpliBt(i of soda process, in the manner 
fully set forth in a previous article (see Soda), is employed, and 
run upon a known weight of peroxiile of manganese contained in 
a “'still.** The best form of still is shown in Figs. 31ti, 317, and 
318, and will be rea<Uly understood. The bottom consists of one 
slab of stone (good firec-stone, or, better still, “Yoikshire flag”), 
not less than 10 in. in thickness. Into it are set sides of similar 
material, about 6 in. thick. Tho grooves into which the sides are 
lot are about 1 in, in depth, and a very little wider than the side, so as to allow of stemming.** 
At the four corner^ o, 6, c, d, Fig. 317, a diamond is cut and thoroughly stemmed with dry fire- 
clay, fireclay just moistened with tar and heated, red load and glass, or any other suitable com- 
pound. Sometimes the iiidiarubber rods described when speaking of liydroohloric acid condensers 
are used, but this construction is apt to bo faulty. Tho wliole still 
is securely bound together with 1 in. iron rods, which pass through 
tho ends, and are screwed up against upright pieces of wood, 

Fig, 817. Tho cover of the still is formed of three stones, bulded 
in a mixture of tar and china clay. In it are various openings— a 
square manhole in tho centre, through which the charge of man- 
ganese is also introduced, and round holes, to admit of steam 
column, acid, gas, and “ dip’* Intes. A false bottom — technically 
“ tables **—is formed about 9 in. from the bottom stone, with stout slabs, about 12 in. wide and 
5 in, thick, roughly dressed and resting upon stone or brick supports, running along tho sides of 
the still, Fig. 316. Steam is introduced through a small' iron pii>e, protected from the action of the 
acid and gaa by the stoneware column shown in Figs. 319, 320, and 321. This is set at the book of 
the still, and has an opening only underneath the tables. The hydrochloric acid is run in through 
the lute shown in Fig. 322, let into the cover near the steam column, while the “ dip lute,** shown 
in Fig. 323, likewise set in the cover, allows the workman from time to time to gauge the amount 
of acid he is running in. The stUU are built in a range, and incline about i In* towards a gutter 
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aLmg the front, which conveys away the waste liquors, &c. A good size of still Is 9 ft. by 6 ft 
by 4 ft. 6 iu. deep, the cost, complete, being about 160/. * 

A charge of manganese, about 6 cwt., is thrown into the still, and roughly spread upon the 
tables The door is then replaced, and made tight with any convenient method of plastering, and 



the still is connected by the gas Into with the bleaching-powder chamber. Hydrochloric acid, of 
not less than 18® Twaddell, is then run in from the stock cistern, until the manganese is just 
covered. After l>ciug allowed to stand for a short time, g(K^d ‘‘strong” steam is introduced, at a 
liftik^r pressure of 45 lb., aiul liept at full blast for a quarter of an hour. A rapifl disongagomont 
of cliloririe takes place, Uie gas paasitig away to the cliauilK;rs, and a mixture of free hydrochloric 
acid, chloride of iron, and cidoridc' of mangancHC; is b'ft in the still. Successive blasts of steam are 
pressed into this niixtuM! iroin timo to time until the operatiou is complete. The ‘‘bend” of the 
gas lute is tlien removed, and tlie conlents of tlie still raked out, through a small opening in front, 
into the gutter. The rcjaction occuinug is rei)rc8entcd by the following equation: — 

+ ‘tllCi := MnCl^ + 211.p q-Cl^. 

For this first part of the prnecss — the generation of chlorine — various mangfinoso ores are used, 
I'he bt'st comes from Devoushire. It is soft, ami tlu'refore easily dissolved by the hydrochloric 
a(dd, uiul contains up to 72 per cent, of binoxide. The Kpanish ores uro of like strength, and 
eometinK'S as soft, but arc more irregular iu quality than the Dcvoiisiiire. The (Tierman ores, as a 
rule, are weaker and sinalhir, (Jfj to G2 ja r wait., and often in a vesry fimdy dividial state. Up to 
about 1857, the (Icrmun <iuiililies W(^^e cliiefiy used. The Spanish has now taken the lead. The 
following tabh) gives the ai>proxiiuate composition of the various ores referred to: — 




SjwiiiiKh 

(.(^nnati Inmpy* 

Manganoso peroxiile . . 

70-00 

72-00 

(Jl)-OO 

Iron oxide 

n-oo 

15-00 

14-00 

C/iiibonaie of lime 

0-25 

0-25 

1-50 

Silica 

15-00 

10-25 

ia-00 

Alumina 

1-50 

• 50 

1-50 

Muisiure 

2-00 

2-00 

1-25 


00 -75 

100-00 

100-25 


Other descriptions occasionally usi d arc imported from Virginia, California, and New Zealand. 
The Virginian is very irregular iu <|uulity. The Ixiat dt,‘soriptions are very good, soft, and satis- 
factory iu tlie working; the majority of the cargoes brought over, however, are hard, and contain 
a good dt^al of carbonate of lime. Hence they not only dissolve slowly, but waste hydrochloric acid. 
The Oaliforuiau, as a rule, is very liard. The New Zealand is (»f recent introduction, and is well 
retKirted of. All these varieties come up to 70 j»er cent. — usually over. 

The price of a good 70 per cent, ore is, at the present tiuio, about 85$. per ton. Six years ago, 
it was 140.“?., but the introduction of Weldon’s recovery prewess 
has largely decreased the consumption. 

The hydrochloric acid should not bo too weak, in order that 
the manganese may bo more thoroughly decomjKJsed, and the still 
litpiors kept ns strong as possible. For this latter reason, the steam 
sliould also bo ns fret) from water as possible. With nil precautions, 
a large loss results from undecomposed manganese. To make 
it as small as possible, constant suporrisfbn should bo kept over 
the working of the stills. They should never bo run off until perfectly ** spent,” and should 
bt) kept carefully clean by a thorough raking out before a fresh charge of manganese is in- 
trotlucw^l. 

An efiieicnt and oocmomical form of still gutter is shown in Fig. 824. It will be noticed that 
the main hotly is ft>rmed of one balk of timber, to which aro added sides of smaller pieces. This 
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ttwmwi or constmetion givibs a gaiter a» good as if hollowed out of one largo balk, costs of ooarso 
]nnch.les8|»and can be made of a larger dsse than is readily praotioable with one solid piece. 

The next operation consists m bringing tlie chlorine gas into contact with the slaked lime in the 
chambers, or “ boxes.*^ Varions materials and forms of construction of ohambor have been from tfmo 
to time adopted— wood, brick, stone, and sheet lead. The latter is now almost invariably used ; hit 
the old stone and brick boxes are still occasionally met with. When bnUt of stone, the chamber is-, 
only about 10 ft square by G ft. high, the best material being hard hag, and the method of con- 




struclion somewhat siinilui to that of a mangam^se still. S^ijnetimosa stone chaml)Grhas a lead top. 

A brick chamber ’s usually built in ilio sluipo ( f a long lime kiln — one great arch, about 9 ft. wide 

and 7 ft. high. The flrsi b aden ehainbers were only small — packing about 2| Ions of bleaching 

powder each, ^’he size Ima liciui gradually incr(y»HO(l until the chamber of most modern and 

improved construction is about GO ft. long by dO or 9.5 ft. wide, and packs up to 12 tons of bleaching 

powder. The mode of erection is shown iu Figs. 325 and 32G. A wooden framework is first set up, 

of the size of the pioposcd chamber, co.irtijtitig G in. sq. corner jMists, with 

stout u[*rigbis, about 7 ft. apart, of 7 in. by 8 iu, deals, and the tt")p or “ crown ” 

of 7 in. by 4 in. denis. Vi»ou this framework, is hung a casing of G lb. sheet 

lead, the whole being burned by upright seams into one selul piooo, and 

secured to the “ crown ” and uprights by straps of hmd burned n])oti the sheet. 

q’ho top is rorinod of .Mimilar sliecds of lead burned tog<‘,th<jr and strapped to 

joists. 11 in. by 3 in , set 14 in. apart. Two or throe doorways are cut iu 

tlio sidoH, and upon the top arc formed two manlioles — wlicuce also samples 

can bo drawn — and gas coinniunication pipes. The iloonvays nre about 5 ft. 

high and 4 ft. G in. wide, and arc closed by stout slieet-iron doors swinging 

upon liiugcs and secured by cross bijams and wedges. TIu' workmanship mu.st 

be of careful description to i)revent any esenpo of chlorine. U3ie height of a bloaohing-powder 

chamber varies witli the individual experienci's of the manufacturers, but it should not average 

more than 7 ft. A slope of J2 in. — from 7 ft. G in. to G ft. G in. — is given to tlie top to prevent any 

accumulation of water. Various methods are adopte<l for corine(‘ting tiio side sheets with the 

bottom of the chamber and preventing any injury by tla* manipulation of tlm lime witli shovels, &:c. 

The best construction is sliown iu Fig. 527. Aii iiiiu r lining of lead, or skirting, 12 or 15 in. in 

height, is burru‘d upon the sides aud Hauged 2 or 3 in. uj)on the ground or flooring. Over this 

flangt^, the bottom, formed of concrete or Hags, is laid, A perl'ectly tiglit joint is thereby mailo, 

and if by any mi.'.chaiico the lead lining is cut, the gas has still no chance of penetrating tbo outer 

sheet. The older i)lan is to form a skirting of 1-iii. deals round the chamber. 

The gas from the still is carried for a short di.stance along eartlienwaro pipes, on account of the 
heat and softening power of tiio steam. It is afterwards con- 
veyed to the chamber iu lead pipes of from 3 in. to 10 in. in 
diameter, depending upon the number of “ mains employed. 

Hoinetiiues three or four stills are connected together ; some- 
times a whole range of stills plays into one large main pipe. 

By the former plan — separated mains, a more j)erfect command 
is obtained over the quality of gas served to the chamber ; but 
the cost of repairs and the waste of gas are greater than wdicn 
only one oi two mains are used, and the strong and weak gases 
pass on to the lime indiscriminately. In any case tlm pipes 
from the stills must have a considerable fall, so as to keep all 
condensed steam out of the chambers, and allow it a free course 
biick into tho still. The best method of connc'cting the gtis 
mains witli the pipes leading finally to the individual 'ihqmbers 
is shown in Fig. 328, and consists of two water lutes aud a 
movable bend, or ** elbow.” Tho small vertioal pipe is to carry off into any suitable cistern or 
drain the last products of condensation. 

The lime employed is of two kinds — French ** cliff,” obtained from the banks of tho Seine, aud 
somewhat akin to tho Dover chalk cliffs, and tho pure limostone found in various ports of England 
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and Ireland, more particularly in Derbyshire andi the neighbourhood of Belfast. Cliff vaades 
considerably in its composition, from pure limestone to impure “ chalk/' Some Englltth descrip- 
tions of the latter have indeed been often worked np into bleaching powder, the temptation 
being the lowness of cisat ; but in the long run, the operation does not pay, owing to the exceedingly 
uncertain composition of the chalk. Good limestone — the lumps that are usually burned for 


# bleaching powder — has about the following composition : — 

Carbonate of lime 98*25 Silica 0*50 

magnesia .. 0*50 Iron and alumina 0*40 

„ mfinganeso.. .. trace 

Phosphate of lime trace 99*65 


The stone is thorouglily calcined in any convenient form of kiln, care being taken to reject all 
portions not completely burned, and then slaked with water. This slaking requires considerable 
care and experience. Only a very slight excess of water should be used. If too great, a pasty mass 
is formed which resists the action of the chlorine ; if, liowever, the whole is not thoroughly slaked, 
the absorption of the gas is incomplete, and raw limo goeii through into the bleaching powder. 
Tbocjilan usually adopted is to sj)rond the lumps of calcined stone in a layer about 12 in. deepi 
and to add the water tbrougii a rose pipe until tlio pieces fall into a fine powder. The portions 
of unburnt lime can be readily <liMCovei'od nnd thrown out during the* slaking process. The 
limo is next passed through a sieve of al)Out sixteeu meshc's to the inch, anti is spread upon the 
floor of the bh^iching-powdor chamber to a depth of about 8 in,, the surface being slightly 
furrowed. If th(‘- depth of lime is too great, it is imj)ossible to bring tlio cliamber up to strength 
without frequent turnings, and consequent loss of gas. When the cliurging is completed, the 
manhole doors are luted on, tlio slice! iron doors wi'dged up, and pla.stered round with lime or 
loam. The chlorine gas is now admitted from the stills, and the chamber “ pressed ** until a 
sample drawn from the top shows about 22 per cent, of chlorine. The gas is then turned on 
to another chamber, and the accumulate,d gas in tlic first box allowed to be thoroughly absorbed 
by the lime. When the green colour in the chamber lias subsided, the doors are opened, and 
the charge is carefully and BystdiialioaUy turned over. The gassing operation is then r^icated, 
occasionally a second turning is resorie<l to, and when a sample tests 87 per cent., the ^ply of 
chlorine is finally turned off, and tlu' cJiambcr is left to stand for six or seven hours, .^o doors 
are then opened, the manholes uro removed, and tlio finished bleaching powder pacK^ into 
casks. Instead of allowing the unabsorlK'd elilorino to escape into tho air wlum ^ charter is 
opened, and to save the time necessary for lh(‘- slow final absorption, it is very usual to ha^ a 
coinmunicution with a fri’shly cliurgiAi chamber, or a small ^ntochainber, into which tho gas is 
drawn when the blcacli is finished, or when tho box requires “turning,’* Various precautions 
should be observed in gassing the lime. A duo proj)ortion of “ maiden i. o. pure-chlorine, and 
“ spi nt ” gas-gas mixed with .steam— sliould bo used. If the weak gas be brought into contact with 
the lime in too great a jirojicrtion— especially with fresh lime, a coating will be formed upon the sur- 
face, which resists the penetration of the chlorine. If a cliumber be too rapidly pri'ssed, a largo pro- 
portion of tho clilorine will remain in the powder only iiUH'hanioally held, and will fly off when tho 
bleach Is pack(^d. The common belief that the temperature of a ehamber should not exceed about 80° 
or 90° F., while right in piactice is probably wrong in tiujory, the mischief of a higher tomperature 
arising not from the actual heat of combination, bet from tlie presence of steam, of whi<*li tho tem- 
jK»raiure is an indicator. Terhaps the best admixture of strong and ak gas is obtained by passing 
the pnduct of u large number of stills 


into one main. Tho more usual plan is 
to have sopamte mains for about every 
three stills, and, tnth careful tnawii/eminiij 
the gassing of a chamber can be more 
perfectly regulated by this method. Tho 
loss of chlorine during the operation 
^ of packing is about 0*75 per cent. 

When packed, tho loss is at the rate 
, of al)out 1 per cent, i)cr month in hot 
wcatljer, and 0*5 per cent, in cold. 

Instead of building the bloachiug- 
powder chambors ujwn the ground, 
after the manner shown in Pig. 329, 
a very usual and excellent plan is to 


329 . 



armnge them «t a Mnwdmble elevation, upon suitable supports, to form a warehouse below. The 
paokmg is then p^omed by r..klng the bleacJu..g powder into wooden spouK oom.tersunk in the 
Boor, from which it falls into casks placed beneath. A doeed oonnecUos between spont and cask is 
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made by sbeet iodiarubber. This method of pecking is less kborione and hurtful to the mm 
employed it is more quickly performed, and, altliough a seemingly greater loss of chlorine is appo'^ 
rent between the tost in the chamber and the test in Uie 'msk, the bleach is more stable afterwai^ 
the free chlorine being well sliaken out of it by tumbling down the spout. # 

The usual bleach cask holds iVom 5 to 7 owt. The powder should be packed as tightly as 
possible, both to preserve the quality and to economize the cost of casks. Owing to the disagreeable • 
nature of the operation, this is a point which requires ''onstant care and supervision on the part of 
the manuraoturer. 

The variations of the actual process of bleaching* powder manufacture are very few. The only 
important one has alrea<^y boon noticed — the preimration of liquor, by passing chlorine gas into lime 
water. Bleaching Ihiiior is more esteomed i*pon iho Continent than in this country, and is usually 
prepared by the bleacheri themselves. The use of chalk, or carbonate of lime, has been proposed 
in place of the hydiate. 

The question of yields is an iitiportaut one, as there are many loopholes for loss. Upon an average, 
and in round flgurtJS, 13 cwt. of good 70 per cent, manganest* ore, 17 cwt. of 60 per cent., should 
yield 1 ton of blenching powder. These figures refer of C'nirse to oases where the manganese is 
not recovered by Weldon’s or some <aher process. A very great loss is incurred by the more ^nely 
divided portions of the ore being swept awny with the waste liquors from the still, untouched by 
the acid. Further loss is suslainod by the ore getting coated over, tlie acid being tht'rcby prevented 
from penetrating to tlie ecmtre. Sometimes an arrangement of washing and settling pits is made, 
and the waste manganese is restored to the still with a frt'sh charge ; bat it is doubtful if the result 
pays for the ox|)en«c and trouble. 

One ton of lime makes about If ton of blea^’h ; but the quality varies considerably with tlie quality 
of limestone employed. About 2 tons of stone, or clift’, go to 1 ton of calcined lime. An experienced 
manufacturer can readily tell, fiom the appearance of the lime in the kiln when the fire has burned 
low, when the calcining operation is completed ; and from the foeliug and texture of the bleaching 
powiler in the chamber, when the absorption of chlorine has been sufficient. 

The chief uses of bleaching powder arc, as its name denotes, for various bleaching processes, for 
the raising of metallic colours, and steam blues, and fur the discharging of 7’urkey reds in calico 
printing. It is also used, but to a smaller extent, as a disinl'et'lant. Its use in the latter capacity 
has been somewhat circumscribed of late years Iiy the introduction of various other substances, 
such as carbolic acid, &c. It is, however, one of the bcist agents that can bo cinj)loyed for this pur- 
pose, a great merit laung its harinleasnoss — the safety with which it can be handled and treated. 
The chief seats of the industry in this country are the districts of the Tyne, Ijancaahire, and Glasgow ; 
the total output is about 70,000 tons per annum. The price fluctnatos constantly and rapidly. In 
1805, it was about 115/. a ton. From this point, with an increased output and bettor methods of 
mauufacture, it gradually declined, until, in 1866, it ruh‘d alx)ut 11/. a ton. Hinco then, it has risen 
to 17/., fallen again to 5/., recovered to 9/., and, at the piesent time, remains steady at 5/. The cost 
price, wlien the recovery of the inanganeMC is carefully carried mit by Weldon's process— to be pre- 
sently described, is about 4/. l.Os. a ton. Under tlio old process it is fully 6/. a ton. Of course 
this variation iu selling price by no moans represents variation in profit. Owing to the different 
methods from time to time adopted in manufacturing sulpimric acid, it is difficult to give any 
reliable indication of the varying cost of this material ; but the following tabic sliows the approxi- 
mate values of salt, since the commencement of the present century : — 


1 Y ear. 

I CoBt of Suit r 
1 delivered at JN 

K»r Ton. 1 
ewcaptle. 1 

Year. 

I Cost of Salt per Ton, 

I delivered at Newcastle. 


£ 

t. 

</. 1 


1 ^ 

s. 

d. 

1800 

14 

0 

0 ! 

! 18.35 

1 1 

0 

0 

1801 

12 

0 

0 

1810 

1 1 

0 

0 

1804 

11 

0 

0 { 

1845 

0 

17 

0 

1810 

17 

0 

0 

1850 

1 0 

17 

0 

1814 

10 

0 


1855 

1 

16 

0 

1818 

5 

0 

0 

1860 

! 0 

16 

0 

1S20 

1 

15 

0 !1 

1865 

0 

15 

0 

1825 

2 

0 

^ :i 

1870 

1 0 

13 

6 

1830 

1 

0 

" i 

1875 

; 0 

15 

6 


It remains to notice the most important of the many processes devised for the recovery of the 
manganese, and for avoiding the use of manganese altogether. The consideration of theeo points 
has been reserved because the actual manufacture of the bleaching |x>wder — the action upon lime 
with chlorine gas — is in all cases the same. 

It will be at once apparent from the details given above, and from the chemical reaction in the 
stills — MnO, + 4HC1 ~ MnClj + 2H,0 -h Cl*, that the manganese is only an agent in decom- 
posing the hydrochloric acid, issuing from the still, when its work is done, in the fonn of chloride t>f 
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man^^anose, mixed 'with chloride of iron and free hydrochloric acid, and running off to In 

swhlltJon to the expenwe entailed by so clumsy a process, the immense volumes of “still li^'iUOT,*! when 
run from ti)e various works, forms a serious item in river iK)llution, and a nuisance to the surrounding 
neifdibourhootl. Of th3 prooesscs of “ regeneration ” from time to time devised and carried out, those 
of Bunlop and Weldon alone deserve special mention. The form(T was first worked about 1855 at 
r Messrs. Tennant’s, Bt. Eollox Works ; it consists in treating the still liquor with carbonate of lime, 
and decomposing the carbonate of manganese tlius obtained by the simple Jiction of heat. The 
liquors are first neutralized and allowed to settle, clear solution of chloride of manganese remaining 
supernatant. This is cnrefully drawn off, and run into a large boiler fitted with a shaft and 
agitator. Here it is mix(*d with ground chalk, or milk of chalk; steam is introduced under a 
pressure of about three atmosi)li('reH, and the whole is kept in constant agitation for three or four 
hours. The following reaction tirkos place - 

MnCh, + OaCO, = MnCOg + CaCla. 

When the operation is complete, tlio contents of the boiler are left to settle, the clear super- 
natant chloride of calcium in run ufl’, and the precipitatc-d caibonate of manganese is drainfid and 
washed to remove all cldm ide of calchim. The expulnion of tlie earbonie acid and the oxidation of 
the marigunese are elTv^etod in u long ovcm about 50 ft. in length, 12 ft. wide, and 0 ft. high. Four 
linos of rails Iraverse tJu; sohi of iln^ chamber; Iicut is af»p]ii;d inidernoath by means of a flue 
passing down the ennire, atnl return i fig on both side.s. The carbonate of manganese is thrown 
loosely into slHad-irmi wagons, wliich are slowly drawn backwards ond forwards until th# four 
lines <il’ rails nro trav rsod, the conteiah lining Huhj(5ctcd lor something like forty-eight hours to a 
Cfuiatant temperature^ of about JlOO' (rnTF.). The water and carbonic acid are cpmpletoly driven 
off by this i)rf>cess, and tlieresiduol manganese is converted by the action of the air — which is allow’od 
to circulate through the ovenjmdty freely, through the loosely closed doors — into a mixture of 
p(5roxide and protoxi<le, Mr. Macb'fir reports w*!! of this process, but it lias not been worked on 
any largo scjdo ('XCfqit at the St. llollox Work.s. The exjienso of the plant is the chief objection. 
Some athmpt has been made lo utilize th<^ cldoritie lost in theeliloride of ctdciuni by substituting 
carbonate of magnesia for cfiiboimb' of lime, and obiuining hydrocldoric acid from tlie resulting 
chloride of magnoHium; but this ndlm incut of Dunlop's jiroccss luis not been found practi(?a.ble. 

’J’hc second, and by far the mo4 impoitant, of the process<‘S set on foot for the reg(nicration of the 
manganese, is that of Mr. Walter Weldon, which con.sists in the precipitation of the manganese as 
protoxide, and in peroxidation liy un injection of nir in the presence of nn excess of lime. Tin's 
improved form of an old pati nt has almost revolutionizi'd tin* bleacii and manganese tiiuhsa. Tho 
old patents that dealt with this mmjih'Kt of all the methods of regiun ratiun, failed by em- 
ploying only an e<jUival<>nt projiorlion of lime, wheuehy only onc-half of tlio manganese can bo 
obtained as peroxide. Weldon’s improvement consists in the addition of a slig/tt excess of lime, 
which enuhlos, practically, the whoh* of the inang.ancse to he regenerated. The apparatus necessary 
for this process, some few minor details being omitteil for aim})ru‘lty’s sake, is shown in the drawing, 
N<». H30. A A hydrochloric ivcid cisterns, li It ordinary manganese stills, technically 

called “ native,” but sol at siudi an elevation that their contents can, when required, bo run by 
gravitation (tbo pipe of comniunieation is omitbsl in the ilrnwing) into 11 R, the “mud” stills, 
entering alxml halt'- way up. When the jiroct'ss is fiivd stirb'd, tho “niilivo ” stills are charged and 
worked precisely in the manner nlixnuly described, until a good supply of still liquor is secured. 
This object having boin attained, they are only worked to .supply the 5 per cent, waste of 
mungane.so incurred during the ordinary working of the rt generating process. Tlio still liquors are 
run off along tlie spout V into the neulmli/.ing well c. To obviate liic inconvenience of stoppage 
for repairs or cleaning, and to bo able to neutralize n large quantity of still liquor rapidly, it is 
advisable to have fiw wells, ns shown in the drawing, the Bjiindles being thrown in and out of gear 
by the clutches upon tlio horizontal shaft. A cheaper form of neutralizer, and one largely 
employed, is given in Figs. 331 and 332; but it is not so satisfactory as the more ohiborato 
apparatus shown in tho drawing, lu both cases tho aciiiul construction of the well is the same, 
and omisists of a circular, or octagonal chamber, about 1(» ft. in diameter and 7 ft. deep, built in 
the ground, with stone or firebrick sides and bottom. Still further to ensure perfect tightness, a 
good backing of slag is puddhd in behind the stone or brickwork faco. Tho agitating machinery 
shown in Fig. 330 consists of a cast-iron spindle with stout arms bolted on at right angles, from 
which project strong metal ploughs or scrapers. These, together with the wrought-iron bolts, 
require renewal about every two months, but tho rest of tho apparatus is thoroughly reliable and 
lusting. The agitators shown in Figs. 331 and 332 are of wood, and are constructed something 
like a gate, the driving pirt Iwing set upon » stone oontro, and thereby raised aboye the acid 
liquors. Occasionally strong chains are hung from the cross boom in place of tbo vortical arms; hut 
those do not give efficient agitation. The wooden agitators require constant cam and n^pnirs, 
however strongly they may lx? made. 
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In the neutralizing well, the still liquors are mixed with roughly ground chalk, and agitation is 
kept Tip until the acid is thoroughly neutralized. This part of the operation requires ^re, ^at no 
injury may bo done afterwards by the presence of an acid. Decomposition of the chlorides of iron 
and alumina is also ejected by the chalk. The final liquors consist of chlorides of manganese and 


331 . 



calcium, witli excess of clialk and small quantiticH of oxide of iron and alumina, and of sulplmto of 
lime. It may ho stateid in passing, that the litjuor from the native stills is much more acid than 
that from the mud stills, as it is far easier to regulate the amount of acid in working the latter than 
the former. After being allowed to settle for a short lime, the li(iuor8 are pumped, by the engine K. 
into the cisterns F, F. liore they are allowed to settle, until the supernatant liquor is perfectly 



bright and clour, of a slight pink colour. By moans of any convenient form of siphon— indinrubl>er 
tubes, which flout always upon the surface t)f the liquor, being perhaps the best, the clear liquors 
are next transferred to the ‘‘ oxidizers,” shown at G. These are of strong sheet iron, well riveted 
and transversely stayed ; they should be not leas than 10 or 12 ft. in diameter, and 30 to 35 ft-, in 
depth. A large 10-in. iron pipe N passes from the blowing engities Cwbich should be in dupli- 
cate) down the centre of the oxidizer, and terminates in a crossliead pipe, pierced with holes to 
effect perfect distribution of the air. Stijgaetimcfi the air distributor is protected by a false bottom ; 
but this is not necessary, as the blast of air keeps the holes well open. A smaller pipe is run down 
the C(»ntro of the oxidizer, for the injection of steam. The mangancjse liquor is mn into the 
oxidizer to a depth of about 15 ft., and is raised by steam to a temperature of 55® (180® F.) or tbere- 
aliontR. In the meantime, a carefully prejmrod milk of lime has been oollected in. the vessel J. 
The lime apponitus will be readily understood from the drawing. The milk is mode in the upper 




O^the tuo iraittels, ^ lianpe 6f oalclned Ume Mtig placed in a “witc basket to separate 

oat aU bard pieces and stones. Not leas than 15 lb. of hydrate sbocdd go to the cubic foot of 
cream, and ^ ensure perfect fineaesa the Ibjuor must be carcfnlly sieved 'on its passage from the, 
upper to the lower vessel. A revolving sieve turned iiy the small engin^wMoh agitates ^ 
liquor is the beat form of apparatus. In many cases the milk of lime is pumped from the second 
vessel into a third, or “ batch,’* cistern, placed above Ihe oxidizers, to obviate the Injury caused by 
any possible breakdown of tho lime pump during the administering of the charge to the juan- 
ganese liquors. Whichever system is adopted, thorourb agitation of tho prepared cream before 
using must be effected. Tiio manganese liquor in the oxidizer having been brought up to a pro^r 
temperature, the milk of lime is pumpe(^ (see pipe K, Fig. ii30), or run, in, and the blowing engine 
slowly set away to effect perfect admixture. The addition of lime is continued until the 
from a sanqde of liquor drawn from a small tap itOfir the liottom of tho oxidizer ceases to give W 
precipitate of purple iX 5 rDianganate of calcium with a solution of bleaching powder, showing that 
the whole of the manganesii> has been precipitated as oxide. A further quantity of milk of lime is 
then added, aiid the blowing engine set away rapldl}^, tho injection of air being continued until 
peroxidation Is complete. It may he mentioned here, tnnt it is of tho utmost importance to have 
oxidizers and blowing engine of ample capacity and hrst-rate quality, any serious hitch in the 
process spoiling the Imtch in course ci* operation. Several forms of blowing engine aro employed, 
that shown in Fig. 333 being the best in tiie 

writer’s opinion. It is tlie design of Messrs. ^^33. 

Dag] ish, of St. Helen’s, and is used now very 
extensively with tho best results. Nisxt m this 
the best form is a horizontal engine with wooden 
llaps, faccKl with indiarubber, in tho covers of 
the air cylinder instead of the ohlcr form of valve. 

Although only one oxidizer is shown in the draw- 
ing, the smallest plant should have two, a batch 
of manganet.e liquor being prepared in one, while 
tho charge in the other is being blown. Not 
only is a saving of time effected, but the risk of 
stoppage is guarded against by this plan. 

To return to the process. The amount of lime 
required for perfect precipitation varies consider- 
ably — varies witii the quality of tho milk itself, 
the presence of foreign matters and coarsiT par- 
ticles, and tlie action of the li(]uor. Lime dis- 
w^lvcs slightly in chloride of calcium, as also 
does prohjxide of manganese, and tJm.se reactions 
render a varying amount of excess of lime uckjcs- 
sary. llsiiiilly it is found necessary to add about 
1*2 equivalents: the further amount introduml 
in ex(x^88, after precipitation has been asciTtaiued 
to l>e complete, raises the quantity to 1*5 or 1*6 
equivalents. On the otlicr baud, too great excess 
of lime causes loss through the formatiou of com- 
pounds which neutralize the acid in the stills 
without liberating chlorine. Tho compound of 
lime and manganese thus formed is usually 
termed base,” and every finished charge is finally 
tested for bases,” with a view to keep them as 
low 08 possible. The amount should not exceed 
*75 per cent. About two thirds of the way 
through the operation of blowing, it is very usual 
to run into the oxidizer a jKirtion of fresh man- 
ganese liquor. The lime of the ** base ” decom- 
poses the cbloride of manganese, forming a fresh 
portion of protoxide to be ojieratoii upon, and freeing a certain amount of peroxide before com- 
bined with it. ' - 

The length of time required for complete peroxidation varies with the size of engine, nutnbor of 
revolutions, and depth of charge. Not altogether, however, because if the air be injected at too 
great a speed, it simply passes throngb tho liquor and is wasted. It is important to have as great 
a depth of charge as possible, as tile surfcce presented to the action of the air is thereby increased 
and the absorpUon of oxygen mof^ .(Mtdete. The liquor is at firet, after the addition of the lime, 
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466 BLEACHING POWDER 

yeUowiah- white, but rapidly turns darker as the operation proceeds^jeAd should finally be converted 
into a very thin black mud, consisting of solution of chloride of calcium, holding in suspension 
various compounds of manganese and lime — or “ manganites,*^ — manganese and manganese — l^nO 
and MnO,— , and the peroxide. From the oxidizer, the whole mass is run into settlers, P, P,P, P in 
the drawing, and loff to settle. Upon an average, about three and a half or four hours are required 
to complete the blowing operation. 

After remaining in the mud settlors for four or five hours — or until a charge of mud is wanted 
— *-tlie chloride ot calcium which floats clear on the top is drawn off by moans of any convenient form 
of siphon, and run to waste. At the bottom of the settler will bo found a layer of thick black mud 
to a depth of about 10 in. — a mixture of various manganese compounds and lime — which repre- 
sents the finished and regenerated article It is usual, after removing tlio chloride of calcium from 
the mud, to run in another charge from the oxidizers, and so collect a large quantity of tlie final 
mud. X’his is clone, of course, to economize settler room, and also to prevent the drying and 
caking of the mud probably attendant iii>on a thin layer being left. From time to time the stock 
of mud in the sottlers should bo tborongidy agitated to ensure an even consistency. The settlors 
tbomKelves arc built preferably of stout sheet iron, well riveted, and supported by cross stays. 
Occasionally they are coustrnoled of wood, like huge tubs, but any such form of apparatus is 
faifity. 

From the settlers the* mud is run, as may bo required, into the stills R, R, Fig. 330, through the 
liitod funnclH Q. A soctiou of W< l(lon still is given in Fig. 334, which will bettor show its con- 
struction. It is usually octagonal in Mhape— sometimes }j<piare — about 9 ft. deep, and each side 4 ft. 



wide. If square, the still mny bo 10 ft. wide, but stones of this size are very apt to crack. Tlio 
octagonal form is both stronger and cheaper. Eaeli side may be made of two slabs, to save expense ; 
the lower piece in this cuse should be 5 ft. (J in. high, and not h‘HS than 7 in. thick, and the upj^er 
portion 4 ft. high and f) or 0 in. thiek. The sides of the still are strongly bound up with IJ-in. iron 
girders, and are jointed together with the indiarubber rods before described; or the flat surfaces 
are carefully droB.sed and bedded with china clay and tar, and a stemmed diamond run down the 
centre. The lK>ttom may bo of one solid {)iw(5, 12 in. in thickness, or formed in sections. The 
former is the better but more expensive plan. The sides should sit in. into the bottom stone— or 
stones. The cover is usually formed of segments, and is let and stemmed into a ledge cut in the 
sides. These segments rest in the centre ujxm a strong stone slmft or pillar, 10 in. square, 
through the middle of which is drilled a groove for the injection of steam, which passes out near 
the bottom of the still at right angles to the axis of the steam shaft. Finally, a lute is set in tlie 
oovor for the introduction of acid, a large v-i -in. earthenware tap is let into the firont, close to the 
bottom, to let oft* the spent liquors bi the neutralizing well, and a small sample tap is stemmed into 
one side, rather more than half-way down. In the cover arc also set a large pipe to convey the 
chlorine gas to the chambers, and a manhole. 

The still is first chargetl witli hydrochloric acid, and Ihe settled rand run in through the funnel. 
This mud should contain 5 lb. of porr>xide of mangano.^e to the cubic foot, the chlwido of calcium 
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being drawn off at doody w possible. It dissolves in tbe aoM ftar ittoW readily than native 
tnanganeseore, end requires comparatively little steam. About four hours is sufiSeieni to worh off a 
eharge. The liquors are then run off through the large tap to the neutralizing well and treated 
vnth chalk in the maimer before described, ^he amou*\t of fVee acid, if thcf operation in the still 
has been carefully conducted, will not exceed 5 lb. per cubic foot of liquor. The more acid liquors 
from the ** native '* stills, if they are in operation, are now run into the mud stills, and so on to the 
neutralizing well. In this way the greater portion of the free acid oontalued is utilized in the 
treatment of the mud. 

Although theoretically the whole of the manganese is recovered by this process, in practice there 
is a loss of about 5 percent. The greater part of this loss is incurred in the liquor settlers. There 
is always an appreciable amount of mud escaping with the liquors from the stills into the neil^ 
tralizing well, and this is pumped up with a quantity of clialk and sulphate of lime into the settlers. 
The deposit from here is regularly rcmovofl and washed in a special tank (omitted in the drawing), 
the resulting liquors being retuineti to tno neutralizing wells ; but nevertheless a considerable loss of 
both mud and chloride of manganese is incurred, end it would not pay to carry this part of the 
process out more delicately. 

Two tests must be rog’dnrly nr»ade of the mud of tho Weldon process — for peroxide an(h for 
“ bases.** In the former a sample is taken as the mud is run from tho oxidizer, and to 1 cubic in. 
is added a solution, i» sH^/it eveess^ of a known quantity of iron protosuJphato in hydrochloric acid. 
The mud dissolves promptly to a brownish yellow liquid, and the amount of iron salt loft unoxidized 
is then determined by a standard solution of bichromate of potash, whicli is added until a drop of 
the liquid taken out upon a glass rod, ceases to strike blue with ferricyauido of potassium. If after 
adding the iron solution tho mud does not completely dissolve, it is bocauso an excess of protosul- 
phate id not present. Tho original weight of iron salt being known, an(i tho amount loft unoxidized 
asoortained, the difference gives the amount acted upon, and this quantity divided by 25*88, gives 
the jwunds of peroxide in 1 cubic foot of the mud. 

After ascertaining the amount of ferrous sulphate peroxidized by tho MnOj in 1 cubic in. of the 
mud, the amount of base is readily obtained. To the same amount of tho mud sample a solution of 
a known weight of oxalic acid is added — in excess. The mixture is then heated gently, and the 
excess of oxalic acid determined by a standard solution of carbonate of soJa. The difference between 
this and the original weight of oxalic acid gives tho amount decomposed and neutralized by the 
mud. Then, as the number of grains of F62SO4 4* 7 HjO (crystallized ferrous sulphate) oxidized is 
to tho number of grains of oxalic acid decomposed, so ia 100 to a figure in column A of the 
subjoined table, against which in column 13 is the cquivaloni of base per equivalent of manganese 
peroxide. 


A. 

B. 

A. 

B. 

A. 

K 

A. 

B. 

69-00 

1 044 

65*75 

•901 

62 50 

•758 

59*25 

•615 

68-75 

1*033 

6.5-50 

•890 

62-25 

•747 


*604 

68-50 

1*022 

6.5-25 

•879 

62-00 

•736 

58*75 

•59,3 

68-25 

1*011 

65-00 

•868 

61-75 

•725 

58 -.50 

•682 

68-00 

1*000 

64-75 

•857 

61-50 

•714 

58*25 

*571 

67-75 

•989 

64*50 

•846 

61-25 

•703 

58*00 

•560 

67-50 

*978 

64-25 

•8,35 

61 00 

•692 

57-75 

•549 

67*25 

*967 

64-00 

•824 

60-75 

•681 

67*50 

•5,38 

67*00 

*956 

63*75 

•813 

60-50 

•670 

67-25 

•527 

66*75 

•945 

63*50 

•802 

60-25 

•6,59 

57*00 

•516 

66*50 

*934 

63*25 

•791 

60*00 

•648 

56-75 

•505 

66*25 

•923 

63-00 

•780 

59*75 

•6,37 

56*50 

•494 

66*00 

•912 

62-75 

•769 

i 

59*50 

•626 

56*25 

•488 


Besides these two tests, that must be made from every batch of mud in order to carry the process 
on well, it is usual from time to time to test for total manganese, by oxidizing the whole of the 
manganese present with bleaching powder, and ascertaining, in the manner above described, the 
amount of ferrous sulphate oxidized by tho sample. A convenient quantity of mud is the 1 cubic inch 
already spoken of. This is dissolved in hydrochloric acid, in the least possible exoess, which excess 
is neutralized with soda. The solution of mud is then ideated and oxidized with bleaohing-powder 
solution, complete conversion of all the manganese into^peroxide being obtained when a slight 
purple coloration betrays the formation of a permanganate. After filtration and washing, the 
precipitate is added to the solution of a known quantity of ferrous sulphate in hydrochloric acid, 
and the total manganese calculated from the amount of ferrous salt acted upon. 

There can be no doubt about the very great success of the Weldon process. Not only is the 
manganese recovered at a low cost, but a better yield of bleach is obtaioablo than by the old process. 

2 a 2 
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One great reason of (his is the facility for accurately gauging the quantity of aoiJi oeoessary for the 
operation in the stills. ^ 

Many plans have been proposed for utilizing the chlorine wasted as chloride of calcium — two-, 
thirds of the amounh originally contained in the hydrochloric acid. Foremost among these is 
Weldon*s own magnesia process. Tlie liquor from the stills is neutralized with Greek stone/’ a 
native carbonate of magnesium — preferably calcined and powdered — and the mixed chlorides of 
manganese and magnesium pumped into settlers, where the oxide of iron, alumina, and sulphate of 
lime are deposited. From here the clear liquor is run into an iron pot and evaporated by underneath 
heat until u temperature of 320® F., or tliereabouts, is obtained. It is then drawn off into a double- 
bedded furnace, the two beds being separuted by a sliding door in a manner similar to a *‘pot ” and 
“ roaskir ” arrangement. Here evaporation is continued to dryness, gaseous hydrochloric acid being 
driven off, togetlier with a considerable amount of chlorine. The mixed gases are passed up a tower 
pack(jd with coke, similar in arrangement to tho ordinary hydrochloric acid condenser, and the 
resultiiig liquid Jicid utilized in the ufterpart of the process for the evolution of chlorine. Tho 
residue left in the furnace after being evaj>orated, is broken up by a slice into cakes and trans- 
ferred to the 8ti(^ond bed. Here it is heated gently, so that tho mass may not fuse but remain open, 
and^ carefully regulated amount of air introiluced. Oxidation of the manganese protoxide — formed 
when the chlorimi is <lriven off from the mixed rldorides of manganese and magnesium — proceeds 
regularly, and a peculiar r.ompound vvldch has l)een termed rnanganite of magnesium (MgMnOa) is 
finally obtaine<l. Tiiis is put into the stills and treated with the hydrochloric acid from the con- 
denser, jiH in the (U'dinary hl(‘ach j)roceHS- By carefully regulating the pro|>ortions of manganito 
and acid, an jdinost neutral still liquor is obtained, which is treat, d with a little magnesia, settled, 
evaporat'd, and worked over again in Ihe manner described. The gaseous product of the first part 
of the funiaeing — the cwai^orfition — consists chielly of hydrochloric acid, asuflicient amount of water 
being present. Afterwards a more or less dilute cldorine is evolved. This may be conveniently 
passed into milk of lime to form a bb aching liquor, or may be mixed with the maiden ” gas from 
the stills. 

It will bo seen that by this process the whob; of the chlorine is made available, and is actually 
utilized, so rendering possible an immensi' production of bleaching powder. A small loss of material 
is incurred from mechanical sources — leakage, &c. —but this may lx< reduced to 2 or 3 per cent, by a 
carefully constructed plant. Th(5 apparatus required is of simple deHci iption, and is in no way liable 
to get out of or<ler. And yet, probably on account of the unremit ling care required in conducting 
all the various operations, and ilu^ jmssible amount of imschh'f resulting from neglect or earelessness, 
theproce.SM has never been practically succeH!^ful. It will bo readily appreciated from tli<^ foregoing 
details that th(‘r(> are many points which are. lik(‘ly to ]U‘ove veritable rocks of offeneo. If tliO 
proper propf»rtions are not kept between the rnanganite and acid in tJio still, so much magnesia has 
k) be added to the li(ju<tr, that the furnace j»ro(iuct contains an undue amount of this substance, 
which is of oourftC worse than useless in thi* still. Again, if the amount of protoxide in the man-, 
gunite — answering to tlio “ hirse’’ of tho Widdon manganeso recovery process- is large, a waste of 
acid riisults in the still operation. Tho regulation of tho temperature of the furnace, and tho 
admission of air, arc likewise delicate matters r(‘<iuiring constant attention. Tlie process has been 
worked by several mauufaeturers upon a fairly large scale, but is now entirely abandoned in favour 
of tho more successful lime recovery [iroces.s. 

Other plana for the n geinsrutifui of manganese have been proposed by Hofmann, Kuhlmann, 
Schloossing, Klliott, and otliers, but have never got into the region of practical manufacturing upon 
a large scale. 

Of the various procasaes for the production of chlorine without tho use of manganese, tliat of 
Iho lalo Mr. I){>ncon de.serves f»romiuent notice. Beautifully simple iu reaction, productive of an 
enormous yield of cheap chlorine, this process is not at all unlikely, in some revived and modified 
form, to auperscile all otln rs. At tlie present time it is practically abandoned on account of certain 
luf'clutnical difticultit^s which militate against its continuous and ofiective oper.ition. 

Deacon’s })roreHs oiigimitrd probably in two already patented but unsuccessful mothods of 
obtaining ('hlorine. The one was that of Launns, and consistiHl in lieating dry chloride of copper 
with sand. Cuprous chlorivlo and chlorine gas are formed. The latter is utilized and tho former 
reconverted into tlie cupric salt by treatment with hydroolilorio acid and a current of air. The 
following reactions sot forth the process 

CuOlj = CuCl + Cl 

2CuOl -b O + HCl = 2CuCl, -f- H^O. 

The second process was that of Oxland, patented about 1815. He proposed to pass gaseous 
hydrochloric acid and air, in the proportion of one volume of tho former to two of the latter, over 
puudw stone, bricks, or some other porous substance arranged in a reverberatory furnace, obtaining 
free chlorine and water. 

These processes were never carried beyond an experimental stage. The first bredee down 



Bi*iAfc®iNG miimm. m 

(» nuu *uov liable loBB of oopper; the 86ooit(l» thiough producing only a very 'W^ak 
chlorine. JDeaoon aubstituted sulphate for chloride of copper, finding that the tieootnposition 
of the hydrochloric acid is theitiby effected at a lower temperature than when the latter salt ja 
employed. His process consists in passing hydr iohlo»*io acid gas, from tb© salt-cake furnaccb} 
over an arrangement of small clay marbles, broken bricks, coke, or some other hard but porous 
substauoe, saturated with solution of sulphate of copper, and having access of air. At a temperature 
of about 700° F. the hydrochloric acid if* decomposed, with the formation of water and ©volution of 
firee chlorine. Mixing sulphate of sodium with the sulphate of copper has boon found to fooili- 
tate the operation- The most important point in the process is tho regulation of temperature, 
Below 500° the decomposition does not readily take place ; alwvo 800° volatilization of the chloridu 
of copper which is forn ed ensues. When the operation is-ofuofuHy performed and no logs of 
chloride by volatllbation allowed, the sulph-ito ot copjiojr remains practically unchanged, and tho 
whole of the chlorine of tae hydrochloric acid liecomes, thtiorotically, available for the manufacture 
of bleaching powder. Tho chief part oi tho apparatus is the ** decomposer.” This ootisists of a 
series of nine towers constructed (jf iron, and arranged in somewhat similar stylo to the Hargreaves 
cylinders, shown in Fig. 210. The first two towers are packed with l^cks or drain pipes, with as 
open flue spaces as possible • the remainder are filled witli small clay marbles, broken bricl^, or 
coke, arranged above a grating. TliOse materials are thoroughly soaked with the mixed solutions 
of sulphate of copper andsulpljateof sodium. Preceding tl ^’ decomposer is the “ regulator,” a brick 
or iron tower packed with bricks, up which the gases are passed before entering the decomposer. 
The object of the regulator is simply to ensure a ooiistunt temperature. Both regulator and decom- 
poser are surrounded with a strong brickwork casing, in wliioli are ai ranged vertical flues, eotnniuni- 
eatiug with a suitable furnace. To carry out tliis, tho most important, part of the operation 
successfully, it ia of tho utmost importanoo that tho decomposer bo couHtruoted of the best possible 
material and with every care. The gases are drawn through tht) regulator and decomposer by 
means of any convenient apparatus — a good cbimiu^y draught, or a Boots blower, &c. — a register of 
temperatures being made by a pyrometer, and samples of the gases entering and leaving the decom- 
poser being readily obtainable by inserting a finger pump into the pipes and drawing a known 
quantity tlirougb an alkaline solution coloured blue with litmus. A considerable amount of dust — 
chiefly oxide and cliloride of iron from the i>ipoB or decomposing pans — collects in tho cylinders, 
falls through the grating into the receptacles at tho bottom of tlai towers, and is pericxlically cleared 
away. A more or less impi'rh'ct decomposition is oflbeted, the gases letiving the. decomposer con- 
sisting of chlorine, Ijydrochloric acid, nitrogen, unconsumod oxygen, and steam. By regulation of 
the draught and proper admi.ssion of air, great care is taken to n.duce the amount of escaping 
hydrochloric acid to a minimum. Tlicse products are next passed up a condenser, whereby tiio 
hydrochloric acid is washed out, and then up a coke tower, whore tl)ey are dried by coming in con- 
iuct with strong sulpliuric acid. OccarioTially a. cliloride of calcium drier is also resorted to. Tho 
gas is now ready to act upon tho lime. Owing to the, enc mous volume to bo dealt with, the chambers 
are constructed in a diflerent fa.^liioti from the ordinary bleach ing-powder chamber. Outwardly they 
resemble the old flag or slater boxes, but ii;o interior is divided into a number of coinjiartmonts, and 
these are again intersected with a series of shelves, only about 9 iu. space being loft between each. 
Upon these shelves the carefully prepared lime is placed in thin layers, J in. in thickness, and 
the gas is drawn from shelf .to shelf and compartment to compartment, first over tho lime most 
saturated with chlorine, then over that freshly charged. As each division, by testing a sam[)lo 
drawn, is aaceriaiiied to be brought up to strength, it is shut off, and the finished blenching powder 
raked out. 

The two great practical diflioulties that have been met with in this very simple and ingenious 
process are (1) the irregular working of tho decomposer — the liability of tho copjier salt to volatilize or 
choke up the intcrstica s of the marbles, or whatever packing may bo uml ; (2) the irregularity of tho 
strength of tho bleaching powder, owing probably to tho dilution of the chlorine. To meet tho un- 
certain volume of gas entering from the decomposing pans it issutticient to organize alternate ohargingi#, 
so that the amount shall bo kept as uniform as iK)8sibIo. The activity of the sulphate of copper can 
be renewed from time to time by the injection of steam, after allowing the deoomi> 08 er to cool down. 

A fresh solution of copper salt is made in this way, and distributed over the surface of the paoklng. 
•The only hitherto insuperable objection to the process has been the uncertain character of the 
bleaching powder, Bometimes it will come well and rapidly up to strength; tho next oomportmeut 
or next charging will obstinately refuse to rise above 30 per cent. In the writer's opinion the solu- 
tion of this difficulty will be found to lio in a bettor pre]jaratiori of the lime, and more especially in 
regulating the amount of water in the slaking operation. 

The exact character of the chemical changes that take place iq the decomposer are still very 
imperfectly understood. Deacon and Hurter have been of the opinion that the sulphate of copper 
undergoes no change, but that its action is simply mechanical . They claim to have established, — 

1. That with the same mixture of gases, and at the some temperalure, the amount of hydro- 
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chJoric acid decomposed by the aid of a molecule of the copper salt iu a gireo time depends upon 
the number of times tlie molecules of mixed gases are passed through the sphere of cation of the 
copper salt Conversely, that the activity of a molecule of copper salt depends upon the speed with 
which fresh matter i%preseiited to, and the products are removed from, it. 

2, That in porous matters, the opportunities of action increase with increased velocities of the 
current of gas in nearly direct proportion. 

8. That, other conditions remaining the same, the percentage of hydrochloric acid decomposed in 
any given time varies with the square root of the proportionate volume of oxygen to hydrochloric 
acid ; and conversely, 

4. That the chloride of copper formed bears no definite proportion to the chlorine produced. 

5 . That 08 the sphere of notion includes molecules not in contact with the copper salt, hydro- 
chloric acid must be decomposed under circumstances where the union of either element with the 
copi)er salt is impossible, i.o. that the decomposition must in part, if not entirely, be caused by the 
resultant of the forces engaged, and therefore direct from 2HC1 + O to 2C1 + HaO. 

Many other processes for the production of chlorine have been from time to time proposed, 
besides tliose to which prodhecnce has been given. Those of Deacon, the acting upon salt with 
sulgliuric anhydride and air — 

BO, + 0 + 2NaCl = Na^SO, + Cl,— 

Lalando and Prud’homme, Manghan, Tessi^i du Mothay, Thilbierge, Dunlop — decomposing a 
mixture of nitrate of so<hum and chloride of sodium with sulphuric acid — and Shanks may be mon- 
tion(‘d. None of these methods have, however, been worked to any successful issue upon a large 
scale, but those of Dunlop and .Shanks doseiwo a few words of notice. The former is still in opera- 
tion, the latter has only recently been ahandemed. In Dunlop's process the materials wore deoom- 
|)osoJ in a cast-iron cylinder, the fullowing equation representing the reaction : — 

. 2Na01 + NuNO, + 3 II^SO* := 3 NaHS 04 + Cl^ + 3HaO + NO,. 

A mixture of suit witli the lusulphato — drawn off in u liquid state — yields, upon fumneing, 
ordinary salt-cake and hydrochloric, acid. The gaseous products arc conducted through a series of 
leaden Woulffs bottles, partly filled with strong sulphuric acid, which absorbs the nitrous acid 
while the chlorine is passed on to the bleaching-powdor chaiiibors to bo absorlxid by lime. 

Shanks’ prfxjess consists in decomposing chromate of lime by hydrochloric acid, yielding chlorides 
of calcium ami chromium and chloriuo. Thus — 

2 CaCr 04 -f IfilJOl = CrCl„ -f 2 CaCl* -f 8,0 + Cle. 

The residual liquors are neutralized with lime, ns in the AVeldon process, and treated with excess 
of milk of lime. They are then allowed to settle, the chloride of calcium is drained ofi‘, and tho 
residual sludge furmmed at a low heat with access of air. Chromate of lime is re-formed and ready 
to bo used over again in tho stills. 

BLEACHING. (Fn., Blanchimcnt ; Ger., Blcichen.') 

By tho term “ bleaching,” is understood all those processes by which certain animal and 
vegetable products, more especially those used in tho nminifacturq of clothing, are made white. 
Whatever tho processes ad<jptod, tho imjmrities, natural or accidental, should be more readily 
affected by tho chemical or mechanical moans employed than tho materials to be bleached; and, 
being thus either decolorized or removed, without appreciable injury to the texture of tho 
materials themselves, the latter acquire tho desired purity of white, Which enhances their beauty 
and value, or, as in tho case of textile materials sometimes, renders them more fitted for being 
dyed or printed. Hence the meth(xl of bhiaching vegetable fibres is not at all applicable to animal 
fibres, tlie latter bcjing readily destroyed by tho chemical agents used for the former. 

Bleacliing is a very ancient process, its exact origin being unknown. The earliest methods 
must hove been simple and tedious, and probably consisted in washing with water filtered through 
WtXHl-ashes, and exposing to air, light, and moisture, after tho manner practised by our laundiy- 
maids to-day. All the earlier accounts of bleaching processes refer to linen, since the use to any 
notable extent of cotton gomls ia Euroi)e only dotes from abt)ut the middle of the eighteenth century. 
About this tinm, the principal seat of linen bleaching was Holland, whore the process consisted in 
steeping tho goods ” in a sidutioii of pohish for several days, then in buttermilk tor about a week, 
and in spreading them on the grass, repeatCug the operations till the goods were deemed suifioiently 
white. One of tlie first improvements at this period, by Dr. Home, of Edinburgh, was the use of 
dilute sulphuric acid in place of buttermilk, by which the duration of the process, formerly about 
eight months, was reduced to four months. Lime, also used at this time by the linen bleachers, 
seems to have been employed from a very early date ; but whether as a direct agent or only to 
render the potash oaustio is not perfootly clear, Tho greatest improvemeat was the application of 
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oliloiritiey suggested hy Berthollet in 1785, and iiitrodueed sWtIy afterwards into Bootland hy 
James iW^att^ the eminent engineer. It is interesting to note that the Clober Bleach Worhi, 
Milngavie^ wliere chlorine was first applied as a bleaching agent in Britain, are still active. 
Pr. Thomas Henry introduced its use to Lancashire bicaf bora about the same^ime. Chlorine wfts 
at first applied in the gaseous form, the goods being exposed to its action while hanging up in a 
stove. Afierwards its solution in water, and later still, in dilute potash, were tried. The latter 
was known as Eau de Javelle, and, being almost without smell, relieved the workmen from the 
annoyance they formerly exi)erienced from the gas. Ii 1799, Mr. Charles Tennant, of Glasgow, 
introduced the dry chloride of lime or “ bleachmg pewdor,** now universally employeti, especially 
in the bleacliing of cotton. For th<i bleaching of animal fibres, wool, silk, &e., the use of weak 
alkalies, soap and sulphur.)n8 acid, scorns to have l)een in vogue for a long period. 

Cotton Bleaching. — Cotton is not bleached in the imspuu state, but always in the form of 
yam or thread, or of woven material or ^^wlico. 

The most thorough and perfect kind of calico-bleaching is the so-called “ madder -bleach,’* 
in general use with cuUeo -printers and dyers ; a detailed description of the various processes and 
machinery in actual use at the presout time ff>r this style tlmreforo given. For the madder- 
bleach, it is not simply neoe.sary that tho olotli be of snowy whiteness; it must in addition *bo 
thoroughly cleansed from ull those foreign iinimrities which would resist the entrance of the dyes to 
bo applied afterwards. For light and delicate plain dyes, the purer the white the better, but for 
dark shades this i.s not essonlial. When the fabric is to be printed and dyrd so that some parts shall 
remain wliite, tho bleacliing must combine every excellence, and all those impurities which would 
attract colouring matter in llic dye-beck ’ luiist h* entirely cleansed away, otherwise a tinged or 
had wliite. destructive of the beauty of tlio print, will ho the inevitable result. Tho term “madder- 
bleach ’’ has been applied to this particular 8t>io of bleaching, liocause it is very spociully requisite 
for iliose printed goods wbicli have subsequently to bo dyed with madder, or its present substitute, 
artificial ulizarino. Tn practice, tlic whites do invariably become tinged to a greater or less d» greo 
during dyeing; but if the bleacliing has been well done, tlio original purity of tho white may 
be readily restored by a slight washing with soap and water, or by using a very weak solution 
of bleaching powder, witliout impairing, to any appreciable extent, tlie coloured parts of tho 
design. 

Miidder Bleach . — As the cotton goods come from tlie weaver, they jiroscnt a more or less 
grtiyish appearance, and are usually ti'rrucd “greys.” la this state, tho cotton, in addition to its 
natural impurities derived from the plant, contains ull those wliich it has acquired during tlio 
process of manufacture. Those are the most important, and comjiriso the various matters introduced 
during the sizoing of the warps, sucli as china clay, magnesium chloride, and other inorganic 
substances, starch or flour, grease from the size, tho machinery, and (he hands of tho workmen, and 
dust and dirt of all kinils. These impurities may vary from 5 to 30 per cent., or more. Tlie 
natural impurities of the cotton are eompar.itivoly .small, ess tlian 1 p(*r cent. Dr. Scliunck has 
carefully examined the nature of some of these, an<l has shown the presence of fatty and waxy 
matters, brownish colouring substniici s, poetic acid, and albuminous matter. Tho complete removal 
of these impurities constitutes the madder-bloacJi. 

Stamping. — To recognize Bub8c<juently the various lots of cloth and to trace damages, each 
grey piece, before bleaching, is stainiied at the ends witli numbers and letters For this purjin^o, 
any colour may bo usetl wliicli will bo sufficiently fixed to resist tlic bleacliing process and remain 
legible afterwards. Thick gas tar alone, or mixed with a little turpentine, is the most generally 
used. Aniline black has boon introduced ; but owing to its liability to change, and its tendency 
to leave holes, it has not been much adopted. 

Stifccliirig. — The pieces are stitched together in lots or bunches of five or more. Formerly, this 
was all clone by hand ; now, stitching machines are universally adopted. Of these, tho oldest is 
the so-called “ donkey machine,” still in U8e~e8]>ecially in bleach-houses where rapid unstitching 
is a desideratum— for heavy goods and sucli as do not require heavy calendering. Fig. 335 
represents this machine. It Consists essentially of a pair of small cog-wheels working into each 
other and turned by a small winch handle. The centre of tlio teeth of both wheels is cut away, 
forming a groove in which the point of tho needle rests, the eye end being supported by a small 
orifice in the end of a spring slide immediately opposite tho wheels. The cloth to be stitched, being 
placed close up to the cog-wheels on the opposite side of where the noodle point re sts, is dragged 
in puckers into the lather, by turning the winch liaudle.^ When full, the needles is pushe4 still 
further through the cloth by tho spring slide, taken from fhe machine, and tho thread is drawn 
through by hand. If the machine is made with two pairs of cog-wheels and a pair of needles, two 
threads may be stitched together at a distance from each other of about half an inch. In this style 
of stitching, the ends of the pieces are made to overlap. The threads are not knotted, but left pro- 
jecting 3 or 4 in. on each side of the pieoea The stitch is a eimple coarse running stitch, and the 
thread is made of slackly twisted cotton, not liable to cut the cloth when subjected to heavy pmsure. 



BLBACHim 


472 

I« iiw hleadh-honBceoim.Jico printwotkSf twomomeompUoated machineB »re in gmsM mn, iliAt of 
Bayer and Lincoln, ^enemlly called the American machine, and that of William *^ 1011 , Man- 
chester. Fig. 386 represents Birches machine. Without entering into details, it may be said that 
this machine makol^ the common flat chain stitch, easily drawn out again when recjuired. It is 
simple in its Wf)rking, and is so arranged that the attendant has simply to place together the two 
piece ends to be sewn, and to hook one comer on the tenter hooks of the guide arm, and the other 
on the hooks of tho feed wheel ; the machine will then start itself and guide the fabric acrom. 
The ends being sewn, the guide arm unhooks itself from the pieces, falls down, and stops the 



mad line, whicli is then ready for another pair of piece ends to be attached. This machine may 
be driven by steam power, and will enable one jicrson to do tho work of tliree or four with tho 
older machines. The thread is finer ami the stilch is much closer than in the case of the donkey 
roachiuo. Buyer and liincolu’s inacliino is an adaptation of Willcox and Gibbs* arrangement. In 
using it, the ends of the two i)iccf8 to be sewn are [ilaced together, and fixed on to the pins of tho 
vortical wheel. On starting the mat liine, this wheel revolves, the pieces pass under tho needle, are 
stamped witii inimlx'rs or IcttcTs, mikI th(> emis are mxitly trimmed off. In the mo^t complete 
inachiaos, tho gofnls are held hoth inside and outside the line of sewing, fheu-eby securing and 
maintaining a perfect and oven stretch of the goods. This latter point is very important, and 
whatever machine, be nsod, the loiihion of tho thread should never bo too tight, or the seam will 
become puckered during tho suhseqnent bleaching prucesscs, and, when dried, tho piece ends 
will Ihj scrimped and creased to a considi^rablo extent. 

8ingoing.~The lU'Xt operation is “ singeing,” which consists in burning ofl’ thti fine do^vn on tho 
surface of the cloth. It is e.ssential for all those calico goods which liro subsequently to bo printed 
in good styles and to receive fine itnprossiona. 

There are several methods of singeing In vogue, viz. by hot plate, by revolving hot cylinder, 
by coko flame and ))y gas flame. Fig. 837 represents tho arrangement with two hot plates. Tlic 
piec<‘8 are depressed on to and caused to }»as8 rajiidly over two red-hot plates PI*. D roproseuts an 
iron frame, carrying four bais for depressing the pieces, which can bo raised or lowered by the 
chain 0. G in the passing piece. The two plates are be^ited by the same furnace, that which 
the cloth touches la^t getting tho direct flame of tho furnace, tho other covering tho return flue 
lending to th(> cliimney. By tliis orrangoinent, the piece is only partly singed by the first plate, 
and BO dried that the secoml plate completes tlie singeing to tlie best ndvantage. After passing the 
plates, the pieiu's are drawn l)etween two rows of sWara jets at K K, through a water trough B, and 
between tho rcdlers 11 II, to extinguisii any sparks whioli may adhere to the cloth. H' is a hopper 
for leading away the products of combustion, and H is a small engine for driving tho rollers B B. 
Formerly, thick cast-iron plates w^ere used ; they have been, however, almost universally replaced 
by cast-oopjier stimi-cylindrical plates about 1 in. thick. These not only last much longer, being 
less liable to crack or get out of shape, but they ore more easily kept free from the scales produced 
by oxidation, and prt'sent a snuxithcr surface. With careful firing, such a plate may last several 
months wiUioiit having to be mendtai. An essential point to be attended to is not to allow the 
edges of the plate to come into direct contact with tho furnace flame; to avoid this, they should 
l>© mad© to rest well on the brickwork, or in a bed of clay. If clay is not used, a little sand «dong 
the exterior edge suffloes to oonflno the flame beneath the plate. 

A difBcnlty in plate singeing is to keep the plates at one regular strong red heat, the cooling 
action of the rapidly lyamng calico l)eiug very oouaiderable. Hence, in some instauoes, the two 
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pfataa' toe lieated % sepmta tonaods. The dififoultj is oomplateljr ovaroome hy WorraiVa 
levalTi&g fliugeing roller, as fitted up in the bkaohiug department of Mosers. Edmund Putted 
and Co., and represented In Fig. S38. The ordinary semi-ciroular copper plate ia here replaced 

336 . 




by a cast-copper tube A, through which the flame from a fhmace possc's, heating its entire surface 
from end to end up to a good strong re<l heat. The tube rests with its hnre weight on a pair of 
rotating pulleys B B at each end, from which it ttcdvoe its own revolving motion by friction. The 
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ends of the tube bear close up to the brickwork of the furnace and flues, and the di^ught is suffi- 
ciently strong to prevent tlie flame from appearing through the remaining ohink» D ispa steam box 
for ©xtiliguitfhiiig the sparks, B E a pair of traction rollers, F the folders. At G, the piece travels 
for some distance to passes round a roller, and returns. H is the hopper leading to the chimney. 
*If necessary, the pieces can bo singed twice on one side with the same tube, by being made to pass 
above and below, and they can be made either to merely graze the tube or to wrap pretty 1x)n8ider- 



ably around it, by suitably arranged depressing bars C C. It is at once evident that the passing 
cloth comes continually in contact with n fresh surfaeo of tlie revolving red-hot tube, and a regular 
even singe is the result. It may be remarked in passing that it is most economical to employ a 
system of mechnnioal stoking, siudi as Jukes’. 

A defl'ct in the methods described is that, by being pressed against the plate or tube, the cotton 
hairs of the cloth are flattemed down, which rutlier hinders tlieiii from being readily singed, and 
often nccessitat(>8 a repetition of the operation. This defect is partly removed in the coke flame 
singeijig urningeincnt, and wliolly removed in that of tlic gas flame. ExjHirionce has shown that the 
coke flame )don<' is not sulfleientl y powerful ; hence it is used, ns at Messrs. Bchwaho’s hleuch-worka, 
in conjunction with the oopp<.*r plat(\ Fig. shows such an arrangement. It consists of a coke 
furnace D covert <l with a cast-iron plate luiving a long narrow slit in it, alx)ut 3 to 4 in. wide. By 
means of a fan, air is blown into the side of the ush-iut, all otli(*r openings to admit air being 
closed. 'Wlum started, a sheet of clear, sraokeliiss flame 1 to 3 ft. higli rises through the slit, across 
which the grey cloth is raj)idly passed, on to the hot plates P I*, through tho steam box X, 
over the damping roller at T, to Ik^ folded down at H. Tho flame is depressed and spread out 
at O, so that it cov»?rs 1 to % ft, in length of the passing fabric ; and since the downy liHir.*? arc 
not llatti'iu'd down, the dried and partially singed surface is thoroughly singed on the plates. 
In this, as well as in the nrrnngrmeiits mentioned previously, a hopper over both plato and flame 
leads off the products of combustion into tho chimney by tlio flues F F. II II are rollers for 
gui<ling tho cloth ; G is a traction roller driven by an engine ; S 8 are perforated steam pipes in 
tho steam box. 

By far the most cleanly method of singeing is that with tho gas flame. When first introduced, 
tho flame was drawn through the passing cloth, and the general complaint was that the latter 
became too much impoverished, the nap in tho eontro of the fabric being burnt away. This defect 
is now completely reinovi^rl, and tho machine introduced by Tulpin, and further improved by 
Messrs, Mather and Platt, is a very effective arrangement. Fig. 840 represents this admirable 
machine. It consists essentially of two rowrf ot ordinary gas burners B B extending across the width of 
the cloth to bo singed. By means of two small metallic rollers D B, the cloth is brought into contact 
with each side of the flame, which is drawn up between the rollers by means of an exhaust fan F, 
The doth is Urns singed twice by Uie same flame, and, beitig presented to it while passing round 
the small rollem, the nnp is made to stand up in the best jjossihle condition for being singed off The 
machine can be so threaded that tho cloth may bo singed twice on each side or four times on one 
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aidie. gM ia mbted with air juat previous to being burnt) $xid k ao perfectly oottBumeit that 
there ia no deposition of carbon ; the products of ocnnbustion also are carried off in a perfect 
manner hy ifie canula BJ E. A A are biding rollers^ G G traction rollers; 0 is a lever, by means 
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uriBing from fire. A very effective apparatus, io place of the water trough already mentioned fdt 
extinguishing sparks, is the small box fitted up in the interior with a few rollers an^^a p^forated 
steam pipe. Through this box filled with steam, the cloth from the singe plates passes. 

After working s^me time, a fine downy dust collects about the singeing machine and not un- 
frecjuently becomes ignited ; hence every caution is necessary. The singeing-house should be 
frequently swept, and it is always safer to have the wliolq building fireproof and apart from the 
rest of the works. 



With regard to the consumption of coal in singeing, O’Neill states as the result of his experience 
with a double plate stove, heated by one fire and return fine, stove in good condition, and using 
ordinary engine csoal, that I lb. of coid will singe fairly well 80 yds. calico J-yd. wide, two pieces 
going over at onoo, ©chulte re^Hirts firom Wesaorliug that I lb. ooal Bingos about 65 yds. calico, with 



BLBACmNS.- 


477 


iiQiA |>late and onod aittge<L’ Experiments oondueted at Messrs. Sails Bohwabe's works neat Man* 
Chester, by Bis. Hill, with the ouko dame and double copper plate, gave the following result; — 

lowt.3q^91b.^^J used per 1000 PCS. 25 yds,eaoh. 

Tbis is equal to 1 lb. of col^e and coal for 62 yds. caliop, tlvc singe being good and oompleto. 
O’Neill gives the following data for the consumption of gas in Tulpin’s machine : — 

Works near Manchester .. .. 25,000 yds. |-yd. wide, singed witli 1830 cub. ft. gas. 

Moyer (Steinlmoh Koechlin’s) .. 25,0{U „ ,, „ 1075 „ 

Schultz (Wesserling) 2.5,000 , ,, „ 1102 „ 


Reckoning that 1 ton of coal yields 10,000 
cub, ft. of gas, these figiueei show that 
1 lb. of coal in the form of gas singes 
from 69 to 86 yds. of calico. 

Before going into the details of the 
processes involved in bleaciiing proper, 
it will be well to describe tho bleach* 
house and the maoliinery in use at e 
present time. Figs. 311, .312, and 343, 
show the ground-plan and elevations of 
a modern bleach-house for calico-printing 
in Lanc.asliire, viz. that of Messrs. Alex. 
Drew and Sons. All the raacliines are 
driven by belting from an overhead shaft, 
by wliich means the noise from under- 
ground gearing, as used in many works, 
is rciduced to a minimum, and the sliaft- 
ing is preserved from the corrosive aciioii 
of weak acids, &c., splashing from the 
machines. This is probably tho only 
bloach-houso in Britain where tho ma- 
chines are driven in this manner. 

Another modern method adopted in 
establishments of good stuiiding is to 
have each machitio driven by a separate 
engine with double cylinders. It may 
bo remarked in passing, that this plan 
of dispensing with shafting and gciuing, 
and planting engines of this class to 
drive each separate machine, is carried 
out in all the dejBaitnionts of tho bleach- 
ing and finishing processes. In this case, 
where steam pipes take the place of 
shafting, there is not the same lia^iility 
of tho whole wmrks being suddenly 
brought to a standstill, as sometimes 
occurs when a main shaft breaks ; and, 
besidos tho fact that each intlividuid 
machine may bo driven at the most 
suitable or productive speed, the occur- 
rence of accidents to workmen engaged 
in oiling shafting is avoided, and it is 
reckoned that this method of distributing 
the motive power is ultimately more eco- 
nomical. 

In Fig. 342, B B B represent eight 
Barlow’s kiers or boilers, which are 
worked in pairs. Behind th^o, running 
along the wall, are the steam, liquor, and 
w^ater pipes, connected with the kiers, 
which stand surrounded by a high wooden 
stage to give easy access to the mouth 



of each kier, and to the various steam taps, Tho boilers themselves are made oMudleable 


iron plates, riveted together, and are supported upon cast-iron oolumns, suifici^t in height to elevate 
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the boilers from the ground and thus prevent oorrosion. Above each boiler, is 4 wiueh R, with 
wooden spars, by which the pieces are drawn in hlling the klers ; other winches wtre placed in 
suitable parts of the bleoching-house for piling the pieces on the floor. Here and there on the 
beams overhead, are^flxed numerous so-called “ pot-eyes ; these are rings about 4 in. in diameter, 
made of glass or glazed earthenware, fixed in wooden spars or otherwise secured, for the purpose of 
guiding the cloth, and preventing its coming into contact with iron pillars, &c. Close to the wooden 
stage surroun ling the kiers, the various limoing, w’ashing, souring, and ohemiekiog machines are 
arranged, forming a single row, iu tlio order in which they arc required. 



The singed gri'ys enter at the end B of the house, travel gradually, while going through the 
various processes autl machinery, to tiic end W, and thence pass out in the bl(*aehed state, to bo 
opened and dried olscwln ro. 

The “limoing luiicUino” L consists essentially of a pair of heavy wooden squeezing bowls or 
rollers, set over a wooden trougli fitted up with rollers ; the set or pressure on the bowls is just 
suflioient to express cxci^ss of liquor, and thus prt'vent annoyance to the workmen when the pieces 
leave the machine. Tiio pieces pass spirally through Ihis machine, so that they are drawn four or 
five times (llie more the better) Iwtween the sciueczing rollers and through the milk of lime with 
whicJi the trough is filled, tacreby getting thoroughly saturated with the liquid. The dimensions 
of the trough are ulxmt SJ ft. by 4 ft , depth 3 ft. W W are the washing machines, very similar in 
construction to tho limoing machine, but much larger, the dimensions being about 9 ft. by 4 ft., 
depth 4J ft. Figs. 344 and 345 give roproson tat ions of this machine. A round roller R is fixed at 
a few inches from tho bottom of tho water-trough B below, tho latter being provided with a plug- 
hole for emptying it, and two holes about a foot frt>m the top at the sides for overflow. Two pieces 
simultaneously onior such a machine, at each end, and pass l)etwceu the two squoc’zing bowls A A, 
down under tho roller below, and up through tho fH^ueeziug 1 k>w 18 again several times, being 
caused by guide pegs 0 to travel spirally towards the centre, and out. At tho point of exit, 
the bowls art» wrapped with a little lapping, to give tho pieces an extra squeeze ; a con- 
stant good supply of clean water flows into tho trough at E, the overflow taking place where tho 
pieces enter. To guide tho pieces iuto the machine, there are two strong brass rings or straining 
eyes B, fixed to the framework ttlw)ve, but capable of being turned more or less obliquely, to 
give the proper degree of tension to the pieces on entering, a matter which must be well attended 
to, to avoid tearing the cloth, wldch is apt to occur if it is too slack ; if too tight, on the other 
hand, the washing is not so complete. G is the water main, K and W ore the screws, levers, and 
weights for regulating the pressure of tho squeezing bowls against each other. C (Fig. 341) is 
the ‘'ohemloking machine,*’ containing, when in use, a weak solution of bleaching powder or 
*♦ ohemick,*’ and S S ore the souring machines, in which the pieces are treated with dilute acid. 
Both these machines are identical in construction and method of working with the washing 
machines; they are, however, not quite so large, and the trough or pit below is made of stone 
instep of wood. The dimensions of tho trough are about 6 ft. by 4^ ft., depth 3^^ ft. For a final 
washing, the machine F W is excellent ; it is known as Furneval’s square beater, of which Fig. 346 
is an enlarged section. In this, tiie pieces travel spirally as in the other machines; the water 
tmugh ^low, however, is much shallower, ami larger in artificial area; ^ ft. by 10 ft., depth 
H ft. It H fitted with two rollers, a square one A, immediately below the squeezing bowls ; and a 
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fcmd one B wl^ etx ittw, at the other end. The square roller or “ beater *’ rovolree in a direction 
oontrary to that of the pieces, which thiis receive a violent flapping motion while moving in a state 
of tension along the surface of the water. In this manner, particles of dirt fiom the feet of the 
workmen, or which may have fallen accidentally oi. tb^ pieces while piled on the floor, are 


effectually cleansed away. It may be remarked here that the floi^r of the bleaching houso should 
be flagged, or of vitrified tiles, but never of wood; tlic roof slionlti ho well ventilated, es[)ecially 
immediately above tho bleaching kiers. Tin' “soda ash oistorn,’* A, is a oast-iiou tank (J ft. 


m 




by 3 ft 10 in„ depth 5 ft., capacity about 720 gallons, equal to 12 gallons per inch of depth. It 
serves for dissolving and bolding in stock soda ash solution, made to stand about 50® Tw., 
equal to about 3 lb. soda ash 58 per oout per gallon water. A B is the **ash and re8i# clstem,’* 
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identical and oonnectod by a pipe, with the soda aeh cieiern; it is used for making the ^ renin eoapt’* 
Soda ash or caustic soda liquor from the cistern A is run into it, and the neoessnrv quantity of 
resin is added; the cistern is filled to within a few inches from the top, and the whole is 
boiled by steam tUl« the resin is dissolved. It is advisable to keep this liquor constantly at a 
gentle simmer, to ensure a perfect solution of the resin, and to prevent the solution from becoming 
gelathious or separating, which it does if allowed to cool. It is usual to measure off the quantity 
of liquor required, both hero and in the soda cistern, by means of an iron or wooden bar, 
marked with inch divisions. B C is the “ batch cistern,” similar to but larger than the two last, 
standing on a lower level, but still higiior than the kiers. It serves for mixing each batch of resin 
soap or sfda ash liquor w ith the necessary amount »>f water rcK^uired to feed each pair of kiers. It 
is well to measure out even tlie requisite amount of water for the lime boil from this cistern. 
Though not absolutely necessary, the use of this cistern ensures regularity in tho amount of liquid 
for each boiling, aj)d any undissolvod particles of resin or other irregularities may be readily detected, 
before running tho liquors into tho kiers. 

lienouth thtiso three cisterns, on the ground floor, are six stone cisterns : two for holding a solu- 
tion of Jiydrochlorie (muriatic) acid, two for sulphuric acid (vitriol), and two for a solution of 
blc^5hing powder (ehomiek). These cisk^rus are made of stone slabs, bolted together with iron rods 
on tho ouisido. Tho joints of the hydrochloric acid cisterns are made tight by bands of indiarubber, 
let into grooves cut in tho (dges of tlm slabs; the joints of the sulphuric acid cistern are made with 
molten lead, and those of the ehemick cistern witli Pottlaud cement. Those cisterns are connected 
by pijJCM (iron for th(3 eheiuick, lead for tho acida) with the chemieking and souring machines, so 
that no carrying of tho i^ohitiouH is neetkd. 

Fig. 347 shows the arrangenn ni of a pair of Barlow’s liigh-pressuro bleaching kiers, ono of 
which is given in sectnai, a b aro tho kiers, of strong boiler-plate iron ; (j is tho false bottom, oon- 
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sisting of smooth water-worn boulder stones, or a cast-iron grating, on which the pieces to be boiled 
are laid ; d is tho distributor, of wrought iron, acting also es a stay pipe; the upi>er portion is 
pt^lfomted and closwl by a stop some distance from the bottom ; the block A at the bottom is pigetm- 
holed to allow Uijuor to jwss from tho kier; alcove, the <U8tributor is connected with the tap i (an 
ordinary two-way tap), by which steam is admitted from the main pipe w, and the reversing of 
which shuts off tlio steam communication and admits the liquor as it is expelloil from the adjoining 
kior ; pp is tho jupc connecting tlie top’df the kier a with the bottom of kier 6, and ^ g is the pipe 
Connecting the top of kier h with the bottom of kier a ; s « are steam pipes flrom the nuUn m; il aro 
the pli >08 end taps through which tlio liquors are introduced ; o o are the manholes, through which 
the goods are entered and removed, and which can be closed by an iron plate held with two cross 
bars and sorewlndts ; tr w aro the draW-ijff laps oonnectod with the pipes p and q, and which can be 
worked from tlie stage at c c in emptying tho kiers of spent liquor, ho.; ttoxe glass gauges, by 
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ii^hioh ife ia seen when the liquor has paaaod entirely &om one kier to the other ; it u ere short 
iron colomikfl to 8up{K>rt the Here. The dimensiona of these kiers are Tarions. To hold each about 
^ 6000 lb. of clo^ the dimensions may be about the following : height, 10| ft: at the side, with 
10 in. bulge at each end, diameter, 7 ft. The distributors give an equal circulation of liquor or 
steam from the centre of the kiers through the goods all around, and prevent the goods from being 
pressed down into a compact mass, to which they arc liable if the steam enters directly from the 
top ; on tiie contrary, by this distribution, the pieces are kept rather in an open and loose condi- 
tion, and the circulation of the liquors is thereby acccloratec’ 

Without entering into every variety of detail which th(! fancy of each bleacher suggests, it will 
be suilicieut to continue the description of the routine which the pieces to be madder-bleached have 
to pass through after siugeir^-, premising that Barlow’s kiers are nse<i. 

The following is a summary of tho operations 

1. Wash from the singe. 

2. Lime into kier, boil with lime, and wash. 

8. Bout and wash into kier. 

4. Boil with resin soap, then with soda aali, and wash. 

5. Chemick. 

6. Sour, wash, squeeze and dry. 

Washing.— Tho pieces are run direct from ti\o usually adjaceu^ singeing house into the bleaching 
house ; guided, by means of tho ‘‘ pot-cyes,” through the grey washing niaehine ; end are piled on the 
floor. By this operatJMU, the pieces, wliich till now have been iu tlie o{xui width, assume the ropo 
oi- chain form, which they C(mtinuo to Imve throughout the wiiole of the succeeding operations, till 
opened and dried. Tho friction of the squeezing IjowIs in the washing machine is sullioient to draw 
tho pieces from a considerable disiunoc, obviating the necessity of carrying them. A boy folds or 
plaits down tho pieces on the floor, by means of a short stick, as they come from tho washing 
machine. It is usual to allow thorn to lie tlius in tho pile over night to soften, though this is not 
absolutely necessary. 

Limeing. — From the pile, tlie pieces are run through milk of lime contained in the “limeing 
niaehine” direct into tho kier, being drawn by tho wiiudies immodiattdy above the latter. Boys 
enter the kier, and continue to plait down tho pieces with a short stick and to press them down with 
the feet till the kier is flllod. Tht? whole of tho cloth in a kier is generally in two lengths, say 
GOOD lb. cloth, equal to alKiut 1000 to 1800 pieces of 25 yds. oacli ; by this arrangement, tho 
Kier is more quickly filled and emptied than if tlie pieces were in a single length. This plan 
of running two lengths of pieces at tlie same lime is usual iu working tho washing and other 
mnoKinea. 

When tho pair of kiers are filled, the manholes are closed, and high-pressure steam is blown for 
about a quarter of an hour tlirough both kiers, the pipes connecting tlio kiers being shut off and the 
draw-off taps below open, d'his drives ont the cold water ai I air, and lioats tho goods through, 
only a small quantity of lime water being lost. On closing the <lraw-oft’ and steam taps, and opening 
the liquor tap of one of the kiers, the lu^cessary 1400 galls, of Ixiiling water are drawn in from the 
batch cistern. In about twenty niinate.s, nil the water has entered, and the liquor tap is closed. 
High-pressure steam is now again ndmitted into this kier (tho two-way lap of tho other kier being 
suitably arranged previously, to connect tho two kiers), and the liejnor is driven through the goods, 
out by the bottom, up the connecting pipe, and on to the goods in tho second kier. In about 
twenty to thirty minutes, all the liquor is iu the second kier. Both two-way taps are now reversed, 
steam enters the socxind kier, and forces the liquor through the goods in tho same way back on 
to tho goods in the first kier. 'This alternating prfxiess is continued for about seven hours, 
boiling with steam at 40 to 60 lb. pressure; tho steam is then turned off, tho manholes ars 
opened, and tho liquor is run off below. The two ends of the pieces are at once found, since 
they are tied to a piece of string, tho end of which passes through tho manholes and is attached 
outside. 

Washing. — The pieces are now washed direct from the kiers through the “ lime- washing moohino/’ 
and piled dov^n on tho floor. 

Lime Sour or Grey Sour. — They ore then run from pile through tho lime souring machine,'’ 
and piled again on tbo floor, to remain in this state for from one to two hours. The souring 
machine is fed from the cistern with a sedation of hydrochloric acid, at 2° Tw, If con- 
venient, the pieces may be run direct from the lime boil, or “ lime bowking,” as it is often 
called, through the washing machine and at once through* th#souring machine without piling 
between. In this case, the two machines must run at exactly the same speed, and several 
yards of slack piece are allowed, before entering the souring machine, to drop on tho floor, or pre- 
ferably on to a travelling apron or endless band of wooden spars, driven in connection with the 
machines. 

Washing after Lime Sour.— In this washing, it is most essential that every trace of aeid be 
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expelled from the cloth, hence the pieces are run from the pile through im washing m^ehinhs 
successively, and direct into the kiers, to be boiled with resin soap. ^ 

Kesiii Boil or hey Boil. First Boil in Besiu Soap and Soda.— The pieces are admitted into the 
kiers exactly in th^ same way as for the lime boil. When the manhole lids are screwed on, steam 
is introduced to drive off air and cold water, and to heat up the cloth as before. The liquor tap 
of one kier i« opened, and resin-soap liquor, equal to 770 lb, soda ash, 214 lb. resin, and 1400 galls, 
boiling water, is run in from the batch cistern. The quantity of cloth in the two kiers is supposed 
to be 12,000 lb. The kiers arc worked by driving the liquor from one to the other, as before, for 
seven hours, with steam at 40 to 50 lb. pressure. The steam is turned off and the liqUOT is 
run out, its expulsion being aided by turning steam on again. When all the liquor is out, the 
steam and draw-off taps are clofc>ed, and the liquor tap is opened, to admit soda-ash liquor. 

Ber^nd Boil in Soda Ash alone. —Boda-asb solution, equal to 120 lb. soda ash, and 1400 galls* 
water arc run in from the batch cistorn, and the boiling is continued, as before, for one or two 
liours. Tiie steam is then shut off, the liquor is run out, and the manholes are opened. 

Washing afUT Ley Boils. — The pieces are now run direct out of the kiers through the washing 
machine into pile. It is usmvl to pile the goods on a wooden stillage, to keep them clean. 

(’hernicking. — They are then passed through the “cljcmickiug machine,** which is fed from the 
cticraick cistern with a ch ar solution of bleaching powder at to 'I'w., and are run into pile, in 
which state they remain two or three hours, or even over night. If convenient, the pieces may be 
run direct frrun tl»e ley boil, through the washing and chomicking machines, without piling 
between. 

White cloth i.s next nin through the “ white-eonring machine,” fed from the cistern 

with a solution of suli>liuric aeul at ‘2^’ Tw., and arc again ]»il(!d for two or three hours. 

Final Washing. — 'Flie pioC(‘sare now wuslu'd thoroughly in the final washing machine, and ar© 
either piled on a wooden stillage, or, if convenient, are run direct through the squeezers, to be at 
once opeiicil and dried. 

It will now he well to impure into the theory of the modern bleaching process as described 
above, and to notice slight modifieations of details ns practist'd in difi’eront bleach-houses, 
drawing attention, ut tlio same time, to important points whicli must be remembered to ensure 
suc<?eB8. 

Notes on Grey Washing.— Some l^hjachcrs omit the first washing, and run the dry greys at 
once through the limeing machine into the kier. Tliough not absolutely essential, this first 
washing is most advisable, espceially whore tlu' limeing machine is small. Its principal object 
is to projiarc the cloth fur ahsoiluug the milk of lime more evenly by making it thoroughly damp; 
at the same time, it removes some of tlio .size and filling. Formerly, it was customary to steep 
the greys in a pit of cold water for two days or so and then to wash, before limeing, in ord(!r to 
ensure regularity in the lime boil ; but tliis slow process has bcion gradually discontinued, and is 
not now usually practised. In this “ rot-stooping,” as it was called, the starchy matters of the size 
were roudored soluble by tlio fermentation which took place, and wore thus easily washed out ; 
thcr(< was, however, always the danger of “ tendering ” the cloth in this process, by the fermentation 
becoming too vigorous and attacking even the ct>tton fibre itself. 

Notes on Limeing. — I’he chief point to bo aimed at in limeing is to have the goods equally 
and thorouglily well saturated with the milk of lime ; any defect in this respect is sure to give 
rise to stains that will be noticoahlo in subaeiiuent dyeing. With some bleachers, especially where 
open low-jiress kiers are enqiloyed, it is usual to occasionally throw sooops-full of milk of lime over 
the pieces while being admitted into the lime kier, more particularly if the first washing has been 
dispensed with. The lime may be slakod immediately before using ; the milk of lime as formed, 
and free from lumj)s, is gradually run into tlie limeing machine, during the passage of the pieces. 
The more pri'forablo plan is to keep a stock of previously slaked lime in a stone cistern, from 
which the necessary quantity of pasty lime is ladled into a tub, there mixed with water, 
and run into the limeing Jiiachino. The quantity of lime used is variable according to quality of 
cloth. A good average amount is 5 lb. lirno per 100 lb. cloth. The proportion of lime being 
absorbed by the cloth is readily ascertained by washing a yard or two of the limed cloth, and 
testing a given portion of the measured wash water with a solution of hydrochloric acid of known 
strength. 

Notes on Lime Boil. — In filling the kier, the cloth should bo evenly and well packed, especially 
at the sides, but not too tightly, so that the liquor may percolate as equally and easily as possible 
thrtmghout the interior of the mihs. «• Buring the boiling, the lime deoomixises the greasy, resinons, 
and wax-like matters in the fabric, forming with them insoluble lime soaps ; it also attacks the 
alumina, and modifies the brown colouring matter of the fibre, yet ffreserves the latter in a good, 
strong ounditiou. The insolubility of the lime soaps formed is peculiarly advantageous, sine© the 
fatty matters are fixed the moment they become decomposed, and are thus prevented from floating 
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about and aocnmuliding irregolarly through the cloth, tliereby producing stainii. In consideration 
of this^propi^rtjr, coupled with tho faoti> that the resinous matters are more energetically attacked by 
lime than by the caustic alkalies potash and soda, and that its price is low, lime is to be preferred , 
for the first bod. When using low-piess kiers with oential puffer pipe, and .with an insufficiency 
of water in the lime boil, the pieces at the top are liable to become tendered by the continued 
action of the heat and steam. In the same way, it may happen that the pieces lying at the bottom 
of the kier may be tendered, by the liquor having been forced up the puffer pipe to the top, and 
being so small in quantity as not to have time to circulate through the pieces to the bottom again. 
It is best to have the level of the liquor .'»bout 1 t.3 2 feet brlow the top of the pieces. With too 
much liquor, on tlie other hand, there is the risk of the pieces floating, and becoming entangled and 
damaged by tremulous boiling. During the lengtliened boiling, water condenses and accumulates ; 
care must thcretbre be taken not to run off too much m too little liquor. With Barlow’s kiers, and 
with the injector kier to be afterwards described, v/hon care is taken to add the proper measure of 
liquor at the beginning, there is not the same risk in this jospeot. During the lime lioiling and 
subsequent washing, the cloth loses most of the starchy, msolublo and soluble, inorganic matters of 
the weaver's dressing. The resinous, futty, and colourii g n* iters stUl remain, but in an altered 
state, and the goods look even darker than before^ ^ 

Notes on Souring. — The object of tho souring after the lime boil is to decompose the insoluble 
lime soaps by removing the besides dissolving out any l xcobs of the latter adhering mechani- 
cally to the cloth. Tho acid also dissolves iron, copper, and other molallic oxides which may bo 
present, and loosens the brown colouring nuitter of tlie fibre. Hydrochloric noid is preferable to 
sulphuric acid for this purpose, on account of tho greater solubility of its lime salt ; and care should 
bo taken to keep up the strength of the acid to about 2^Tw., hy having a regular flow from tho 
cistern, since it is rapidly neutraliz('d by tlio liino from the pice s. It is not advisable to add 
strong acid to the machine, for fear of its getting on to tho cloth in its undiluted state, when, 
being more difficult to wash out, it might cause tender places. Tho following is an excellent 
method of kcejiing the sour at a regular strength, tho hydrometer being of no use. A pint of 
the hydrochloric acid sour is taken from the machine while the pieces are running, and put 
ink) a small pot ; a solution of caustic soda at 25 Tw. is slowly added, from a graduated tube, 
with constant stirring, till a small piece of turmeric-dyed cloth, di])ped in tho mixture, shows, 
by its becoming slightly brown, that the acid is fully neutralized. The number of divisions of 
caustic soda required to effect this, gives the strength of the acid. The graduated tube should be 
a thick glass bottle of tubular form, each divihiou showing ^ oz. measure of water. Divided in this 
manner, each | oz. measure of tiie caustic soda required re|>re8cnts 1° Tw. of hydrochloric acid, 
and the marks P Tw., 2® Tw., 3° Tw., &o., may he at once filed on tho glass, beginning at tho 
top. This testing is sufficiently exact, and can be performed in a few minutes by an ordinary 
workman. Soured goods should never be left lying long oiiougli in a pile for the exposed parts to 
become dry, as the gradual concentration of tlie acid x i such i)art8 may tender them; hence 
exposure of the goods in this state to air cuiTonts should he avoided. 

Notes on llosiu Boil. — As already stated, the fatty matters remain in tho cloth after the grey sour ; 
but, being in the altered state of fatty acids, they are readily dissolved off, in the boiling with soda 
ash and resin soap, along with the brown colouring matters and everything else soluble in alkaline 
liquids. Formerly soap, soda, or ixffash was used. Bcxhi ash or caustic soda alone is still used by 
those bleachers wh(*8e goods are sent white into the marlu t ; but for calico which is to be printed and 
dyed, the addition of resin soap is essential. Experiments made on the large as well as on the small 
scale, to be detailed afterwards, amply prove this. What tlie peculiar action of tho riisin is in this 
respect is not known. O’Neill states that he has used in it.s stead a coarse soft-soap made from 
sunflower oil, and witli equal results. The subject is worth further inquiry. The date of tho intro- 
duction of resin for bleaching purposes is not definitely fixed ; from all accounts, it seems to have been 
about 1830. The usual amounts in vogue at present are: i\ k) If lb. of resin, and 4 to 4| Ib, soda 
ash (at 58 per ci ut.) per 100 lb. calico. With low-pressure kiers, steam at 8 to 10 lb. pressure, 
the boiling ip continued twelve to Iburteeii Imurs ; with' Barlow's kiers, about seven to ten hours, 
according as tho pressure of steam used is 50 lb. or 35 lb. i:»er sq. in. With the new injector kier, 
three to four hours at 45 to 50 lb. pressure of steam is deemed sufficient. Some bleachers boil one 
to three hou;^ with soda ash alone, both before end after the resin boil, using 1 to 2 lb. soda ash 
per 100 lb. cloth. The first soda-ash boil, though not absolutely necessary, is advisable, in order to 
neutralize any traces of acid accidentally left in the cloth through defective washing; and of course 
soda ash liquor should be run into the kier withdut any previous heating of the goods by 
blowing steam through, os is the custom with Boilow's kiors^ in admitting the ri^sin soap and other 
liquors. Another plan is simply to nm in the weak solution of soda ash till the goods are ooni^ 
pletely ooveiwl, and then to run it off again, before blowing steam through and introducing 
the regular liquor. This is called “ sweetening *' the goods. If the water of the bleach-house 
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©ontains any ooneidcmble quantity of lime, a slight soda-ash boil, both before and after the resin 
boil, pre rents the deposition of a lime soap on the cloth, and, in these ciroTimstances, advisable. 
The second soda-ash boil, though sometimes omitted, also ensures a complete removal of grease, 
and especially any policies of resin which might remain. That resin is not unfrequently loft in the 
cloth is proved by its appearance on the scrimp rails, expanders, &c., in front of the white drying 
machines, after a large number of pieces have passed over ; hence the necessity of seeing that the 
resin is well boiled with a sufficieniiy of soda ash previoiis to putting it into the kier. Another very 
good metliod of making the resin soap is as follows : — the rosin oisteru is made up with liquor in 
the following proportions; 33 gallons water and 33 gallons caustic soda at 70° Tw. are heated to 
the l)oiI, 220 lb. reHiu are then added and stirred for a quarter of an hour or more, the boiling is 
continued for six hours till the resin is completely dissolved. The alkaline liquor is made strong 
enough to kcc]) the undissolved resin afloat, otherwise the latter collects us a pasty mass at the 
bottom of the cishini, and is not so readily dissolved. The cistern is, of course, filled up in the 
proportions given, these only representing amount re«}uired for one l)oiling of 12,000 lb. cloth, 
for which there would also be used, along with the resin soap just given, soda-ash liquor equal to 
450 ll>. dry soda ash. 

JiVhen th(3 goods have b<x‘n ]>f)iled in soda ash, it is very important not to leave thorn lying in the 
kier for any lengtli of ilin(» after the liquor has drained away; they should bo washed as soon as 
possible, since tJiey am very liahl(! to get iron stains at this stage, either from the sides of the kier 
or otherwise. There is no fear of the goods being tendered during a soda-ash boil, unless, per- 
chance, the ash contains caustic sodn, ami then, if Ihoro is a siifliciency of liqnor, it is entirely 
prevented. 

Notes on Olicmiiiking. — It is the bb tichiag-powdi.r solution which is essentially the whitening 
and colour-destroying agmit, and its ap])lication is absuliitely iieoossary, alter the removal from 
the cloth of all fatty and other I’ondgn mutters, in ord(3r to destroy the slight creamy colour still 
remaining. Before its use wuis properly understood, it was often applied iireviously to the removal of 
the fatty inipurities, and oxidizing those, and forming insoluble lime soups, it produced stains wliich 
withstood even an ai’.id hath. Olivo and oilier oils, if boiled with u KulUcient ainoimt of bleaching- 
jK)W(ler solution, givi; a wliili), solid, w'ax-liko body totally insoluble in boiling eunstie alkalies or in 
strong acids. Dry chlorine gas in the dark <loes not in general deoompnso dry colouring matter; 
light, and especially moisture, are necessary to produce ri'uction. The bleaching effect of the 
chcniicking takes filaco principally while the goods arc lying sutiirafed with the weak solution of 
blottching powdiu’, which is partly deeonqioscd hy the carbonic acid of the air, as well as hy the 
cotton fibre itself. The bU'aeldng is completed on the snb.scqueiit treatment with acid, the dis- 
engngiid chloriim gas ilcstroying the very luht traces of colour. It is advisable never to use the 
“oheinick’^ so strong tliat chlorine (»r hypochlorous acid gas is iwolvcd in any considerable quan- 
tity in souring, ami the luist method is to wash the goods between chcmicking and souring. 
tJari’' imisi be taken to have tlio l)h‘aolung-iMiw<lcr solution jierfectly free fmm undissolved par- 
ticles, otherwise holes ill tho cloth are sure to result; neither must it be too stmng, too warm, 
nor i<K> long hi contact witli the cotton, for tho same reason, (h)ods which have been properly 
lieated w-ith lime, acid, und alkali, should only require a very weak chi'micking to make them of 
snowy w'hileuess. Should a stronger tnaitment lx» neci'Hsary, it is better to give the goods two or 
even three treatmenlB with weak elicmiek than to risk a strong solution. It is usual and best to 
ehemick cold ; with a liike-wnriu solution, a hethr white is obtained and more quickly, a warm 
weak bath acting ns well ns a c<dd strong one. If the blench ing-pow'der solution is only a little t(X> 
strong, tho cloth ht'cmiu’s rotten, and, if heated, it would Ix) gradually quite destroyed, since, as 
Fayen has shown, celluloso dissolves in such a solution with evolution of carbonic acid gas even 
nt 50° (122^ F. ), Tlie usual strength of clu mick litpior is to Tw. Wlieii tho pieces have been 
running in this liijnor for some time, the use of th(‘ iiydrorneter would be misleading, lienee a rough 
Riul really, but tolerably qxaet method of testing is adopted. The Ibliowing test solutions are 
retpiired : — 

Arsenic Solution. — 3^ grains arsenious ucid ure dissolved hy boiling in 1 quart caustic soda 
at Tw., then cooled. 

Indigo Indicator Solution.—l moasuro extract of indigo of gooii quality, 2^ metuiures sulphuric 
acid at 144° Tw\, measures water, mixed well and filtered: 200 grain measures ofj^liis indicator 
should riMjtiire 100 grain measures bleaching liquor at .i° Tw. to decolorize it 

Test Solutions fer use. — (a) 2 ineasurcs arsenic solution, 7^ measures water, 4 measures indigo 
indicator solution, = 13 J measures. (f>) ‘1^ measure arsenic solution, 11 J measures water, J measure 
eochineal liquor at <1° Tw., - 13,1 measures, 'i he eochineal liquor at 0° Tw\ is made up with 1 mooaure 
of a watery solution of cochineal at 12° Tw. and 1 moasuro of methylated spirit, this is to prevent the 
solution from moulding. In kjsting, about J of the chemick liquor is uswi to decolorize tlie cochineal. 
Kither of test solntions can be usetl with the same graduated phial, which should be of 
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thick glass and cylindrical abcmt 8 in. long and If in. in diameter* This phial should he 
graduated empirically by a chemist in the laboratory, so that each division shows Tw, of 
bleaching liquor, thus 


Strength of 
Cheaaick 
Used. 

Mark made 
ou Phial. 

No of CT. meaa. ) 
Chemick required J 

• to bleach 1 No. ofgr.meas. 
10 Dieacn ^ Solution. 

MeasmltKwhere 
Marks are madu 
on Phial. 

deg. Tw. 




gr. raeas. 


2 

11 2.5 

100 

1225 


3 1 

! 750 

100 

850 



502^ 

100 i 

662^ 

7 ?) 


450 

100 

550 



87,5 

100 

475 

1% 


2811 

100 

381i 


The highest nnniber, 8, is of course iritirked below. 

In order to test the strength of the chemick liquor of ihe machine, 100 gmin measures of 
either of the t<‘8t Sfdntions is put into tlie graduated phial, and some of the chemick liquor is 
added by degrees (shaking the mixture aft( r each slight addiiioii), till the test solutkm is exactly 
decolorized. The numl)or of the division at which the chemick liquor stands in the graduated 
phial gives the strength of the liquor in tenths of a degree Twaddle. The whole operation is 
extremely simple, and can he performed in halt a minute or so, by the workman or boy attending 
the machine. 

The most ustial and rapid plan of applying the cbemiek is by moans of the chcmicking machine, 
aa already described. Another method also adopted, principally by market bleachers and for fine 
cloths, muslins, &c., is to pile down the pieces in large stone cisterns pr(jvidod with false bottoms. 
The chemick is pumped up by a lifting or a centrifugal pump from a well below, it flows into 
wooden perforated troughs or trays (drainers) placed above tlio cisterns, and is allowed tJius to 
cireulato through the cloth down into the well below, to be again pumped up, and so on during two 
to four hours. 

Notes on White Soiir.—P'or the “ wliito sour,” either hydroehh^ric or sulphuric acid may be used. 
Some bleachers prefer the latter, from its being less liid)le to <*ontain iron. If tJiis white souring is 
omitted and the goods arc only washed after chemiedving, they seem still to retain somewhat of a 
colourable substance, since such goods, wlnm stored in tlui wnrohouse for some time, acquire 
gradually a ytllowish or creamy tinge. To avoid tJiis as much as possible, tJjo last ])a8sago iu 
weak acid is given, to dissolve the cohniring substuiico which the chcmicking has merely desiroyod, 
together with any traces of iron which may still remain. It is needless to remark that the final 
washing must be thorough ; here, as in all 
washing, a rapid change of water is more 
essential than volume. 

Keferring to the boiling witn lime, 
resin semp, &c., the great object sought 
after is to have every portion of the goods 
well boiled, and subjected to the action of 
the liquors ; to effect this purpose, many 
varieties of boiler or kier have from time 
to time been invented. Besides Barlow’s 
kier, already described, there is also Pen- 
dlobury’s kier, identical in principle with 
Barlow’s, and well adapted for bleachers 
on a smaller scale. The only difference is 
that one of the pair of kiers is smaller, so 
that a smaller quantity of clotli can bo 
bleached at once ; only the larger kier is 
filled with goods, the smaller one being 
required to contain the liquor between its 
passages through the goods. Still in use, 
especially for muslins, is the ordinary low- 
pijess kier, for working with steam at 3 to 
10 lb. pressure. Fig. 348 represents tliis 
kier. A is the boiler, the lower part of 

which is given in section ; B is the vomiting or puffer pipe, with “ Iwnnet ” M at the top ; 0 !« 
the perforated false bottom; D is the lid working on the hinge E and lifted up by attached 




A a/! 
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chain*, not ohown in the «gnre; V is an air-valve; L is » ® 

the stLm and liqnor pipee, connected by a two-way valve K with the pipe J, ^ t*'® 

bottom of the pnffpr-pipe ; G is the draw-o«f valve. The usnal method of working this 
is to blow steam thrhugh the goods for one and a holf to two hours, then t® 0“*®'^ Ml”wtom°iB 
for ten to twelve hours. During this boiling, the liquor which collects ^low the false bottom is 
forced by the steam up to the top of the vomiting pipe and is there spread by the linnet over the 
pieces. This action is of an iiitcrnoittont character, since, after each ejection of the liquor* the fo^ 
of the steam must accumulate till it is able to overcome the weight of the column water m the 
puffer pipe. The most rticontly introduced is the injector kier of Messrs. Mather and Platt, Man- 
chester. which bids fair to disniaoo those mentioned. Fig. 349 gives a section of it; A is the 



boiler or kier, filled with cloth to G ; H H is liquor collected on the top of the pieces ; B B an 
the steam pipes, F the liquor pipe, D the circulating pipe ; C is the injector ; and E E the draw-ol 
valvo and waste pipe. 

In the sense of there being a rapid continual circulation of goods through the bleach-houac 
without any long period of exposure on the gross, as was formerly the case, it may perhaps be con 
sidexed that the bleaching process of to-day is continuous, though the term is not strictly correct 
the operations being still intermittent Attempts have been mode in this direction ; but with litU 
or no commercial success. , 

Besides the bleaching agents at present employed, many others have at different times beei 
proposed, e. g. silicate of soda, stannate of soda, petroleum oil, &o. Tessin du Mothay and Bonsseai 
patented, in 1860, the use of permanganate of soda for bleaching, which, though in some stylei 
of work it has had a share of success, has not by any means been able to supplant the bleaching 
powder. Various patents, too, have been takeh out for the use of oaone, and, at tt»© present time 
(1879), a liquid preparation called “ ohloroaone,*’ discovered by M. D- Brochodid, of Baris, is heinf 
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introdtioe^ to tho bleaoliers throngbout Britain by the makers, Messrs. Nathaniel Holmes ami partners, 
Warrington agd London. Ohlorosone is obtained by satnrating a cold, oanstio alkaline ley with a 
mixed current of hypoohlorous acid and air. Its action in bleaching is similar to that of a solution 
of chloride of lime or soda ; but it is said to posse ss a much greater deoolo^njing power, withotCt 
having any injurious action on the fibre. No doubt ozone htis been the real bleaching agent, from 
the earliest times (when the cloth was expos d on the gross to air, light, and raohalure) until now. 
It is known that ozone is constantly present to a greater or less degree in the atmosphere. 
In the rapid bleaching process of to-day, the general opinion is, that the really active agent 
is the ozone produced by the bleaching po vdor, the use of wh'ch simply replaces the old custom of ‘ 
exposing on the grass. According to this view, chlorine gas is evolved by the decomposition of tlie 
bleaching powder, it combiiios with the liydrogon of the wnter, and oxygen in the nascent state 
(ozone and antozone) is liberated. Where, howovc'r, the goods are washed between chomicking 
and souring (and this is decidedly the best nlan),it is hypoohlorous acid whioh is evolved, and, by 
its rapid decomposition into chlorine and oxygen (ozone), bleaches with double power, tl)o chlorine 
liberating additional oxygen (ozone) from tlie water present. It must always bo remembered that 
in these reactions there is a production of hydrochloric acH in the naseent state within the fibre, 
to which, probably, the tendering actioi of the chemicking is in a large nieasui-e due. 

At one time or another, every bleacher has his attention involuntarily dirooted to the annoying 
ucourrenoe of stain?. Some of those aie visible in the white cloth when dried, others only after 
being dyed. The former class may be simply dirt from the workmen’s shoes, or other obvious 
causes easily remedied. Others may arise from dirty water being driven into the kiors along with 
the steam, from loose packing in the pipe-joints, grea'^o, &c. This last may como from the stuffing- 
box of the piston-rod of the engine, from steam drying cylinder stutliiig-boxes, &c. Iron stains 
often arise from rusty nails in the roof or on alillagcs, and from tlio inner aides of the kiors, to 
avoid which it is customary to wliitewash the interior of the kit'rs with lime from time to time. 
Iron supports, brackets, &c., under tlio roof should be oecnsionally iiaintetl, and all wooden stillages 
should be pegged with wood instead of using nails. Holes, cuts, tears, &c., form anolhcT class of 
damages more or less frequent in all hlcach-housos. As a rule, tlieir occurronco to any large extimt 
shows careless working or defective machinery. Some may arise from rubbing of the pieces against 
the sides of the kior through tremulous Ixiiling, otliors may be caused by pebbles and cinders from 
the water, and oven nails, becoming accidentally imheddeil in the bowls of the washing machines. 
Cracked pot-eyes, and wooden rails worn to a cutting edge by the hingthened friction of tlio 
pieces in transit, are also oocasienally a source of damage, and should bo periodically examined. 

With regard to tlie alteration in weight, length, and breadth of calico pieces during tlio present 
processes of singeing and bleaching, the following are tlie roijults of ])ersonal obseiTation. 

One piece best cloth, 72 reeds, 86 in. broad, 25 yards long, and weighing 5 lb. 4 oz., showed ; — 
Loss of wciglit in singeing .. .. 8 to 4 oz. = 3*5 to 4’7 percent. 

Ix)S8 of weight in bleaching .. .. 10 to 12 o*.. = 11*9 to 14 ‘2 ,, 

1/088 in breadth ,, .. .. 2^ in. — 6’ 9 „ 

Gain in length ,, .. .. f to 1 yard ~ 3'0 to 4*0 „ 

As already stated, the loss of weight in bleaching may vary considerably, according to the 
quantity and quality of the sizeing which is in the warps. 

O’Noill gives the following interesting results of experiments in testing the tensile strength 
of the cotton threads before and after bleaching, by measuring the strain required to break the 
thread. The calico experimented on was of good quality, and hud sixteen to eighteen thretuls 
to the ^ inch ; the length of tbrca^l for testing varied from 0*25 in. to 2’1 in. : — 

Averngn Weight required to 
Jireuk a Single Thread. 


No. 1 cloth, weft threads .. 

No. 1 „ warp „ 

No. 2 ,, „ „ . . 

No. 3 „ „ M 

** It is seen,” says the author, “ that in two cases ouf^f three, the warp threads arc stnmger 
after bleaching than before, and in one case a little weaker. All that can be safely concluded from 
numerous trials made, is that the tensile strength of the cotton yam is not injured by a careful but 
complete bleaching, and probably it may be strengthened by the wetting and pressure causing a 
more complete and effective binding of the separate cotton hairs or filaments, the twisting together 
of which makes the ymm.’* 


tteforc IJlfudiing.! After Bleaching. 

gralna grains 

1714 2785 

3140 2920 

8407 8708 

8512 402.5 
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An idea of how little change has been made in the madder-bleaching process dutdng the last 
thirty years, will be gained from the following sketch of the process as carried on at Dhe celebrated 
print works of Messrs. Thomson, Olitheroe, Lancashire, in 1845 and 1850, in comparison with the 
process of to-day, as conducted at the equally famous prinf works of Messrs. W. Oum and Co., 
near Glasgow, and with two other processes also in actual use. 

1845 Proem (JTiowWs). 12,000/6. C/oM. Low-press Kkrs, 

' 1. Wash after sing(‘ing, 

2. Lime boil, 43011). lime, 10 hours boil, wash. 

3. Lime sour, hydrochloric acid 2® Tw., 1 hour stoop. 

4. First r»Bh work, 215 lb. soda ash, 10 hours bf)il, wash. 

5. First choinick, 137 lb. bleaching powder in solution at Tw., 10 hours stoop. 

0. First wliito sour, sulplmric acid 2^^ Tw., 1 hour steep, wash. 

7. Bcemnl ash work, 130 lb. soda ash, 10 hours boil, wash. 

8. Second choinick, 70 lb. bleaching [lowdcr in solution at Tw., 5 hours stcjcp. 

9. Last white sf)ur, sulphuric acid 2^*^ Tw., 1 hour steep. 

10, Wash, B(pieeze and dry. 

• 18.50 Proem ( TTserme/t’s). 12,000 / 6 , (7/o/4, Low-]^>rcss hlers. 

1. Wash after singeing. 

2. Lime boil, 080 lb. lime, 10 hours l)oil, wash. 

8. Lime sour, liydroehlorie »eid 2*^ Tw., wasli. 

4, Resin l>oil, 770 lb. soda ash, 214 lb. n'sin, 10 hoins boil, wash. 

5. Cliomick, ))loaohing powder solution at J"" Tw., 0 hours steep, wash. 

0. White sour, hydrochloric acid 2'' I’w., 2 Inmrs steep. 

7. Wash, squeeze and dry, 

1H79 Process {Cruni's). 12,000 lb. Cloth. BiirloiPs Kiers, 

1. Wash after singeing. 

2. Limo boil, 500 lb. linns 10 hours boil, 35 lb. pressure', wash. 

8. lame sour, liy<lrochloric’. acid 2*^ 'Fw., wash. 

4. liehiii boil : 1st. Sweeten with (20 lb. soda asb, 1000 gall, wotor, 

2nd. 450 lb. soda ash, 220 lb. n'sin, 33 gjill. caustic soda at 70'^ Tw. ( = about 
120 11). solid caustic soda at 01| per C(»nt. NallO;, 14,000 gall, water, 
10 hours boil, 35 Ib. pressure, wash. 

5. Clmmick, blcacliing powder solution at 1\v., wash. 

0. White sour, 8uli)huric acid ut 2^ Tw., pile 1 to 3 hours. 

7. Wash, squeeze and dry. 

Another 1879 Process. 12,(100 Ih. Cloth. Low-2)ross Kkrs. 

1. Wasli after singeing. 

2. Lime boil, 000 lb. lime, 10 lb caustic soda (solid), 10 hours boil, wash. 

3. lame sour, hydrochloric acid, 2^'^ Tw., wash. 

4. Ley boils; 1st. 120 lb. caustic soda (solid), 3 hours boil, 

2nd. 500 11). soda nsh, 120 lb. caiisth? soda (solid), 320 lb. rosiu, 120 gall, water, 
10 hours lK>y, water 10 in. al)ove the U\Uv. bottom. 

.3rd. 120 Ib. caustic soda (solid), 3 hours boil, wash. 

5. Choinick, bleaching powder solution Tw., wash'. 

0. White sour, sulphuric at 2^ Tw., pile 1 to 3 hours. 

7. Wash, squeeze and dry. 

Another 1879 Process. 12,0o0 lb. Cloth. Lo'r^j^rcss J\tcrs. 

1. Wash after singeing. 

2. Lime V)oil, 500 lb. of lime, boil 12 hours, wash. 

3. Lime sour, hydr(x*hloric acid 2^^ Tw., w^nsh. 

4. Ley boils : Ist. 170 lb. soda a.Mli, lioil 3 hours. 

2nd, 430 lb. soda nsh, 190 lb. resin, 95 lb. caustic soda (solid), boil 12 hours. 

8rd, 190 lb, soda nsh, lx>il 3 hours, wash. 

5. Chcmick, bleaching jK)wder solution Tw. 

6. White sour, hydr^K'hlo^ic acid 2^^ Tw., pile 1 to 3 hours. 

7. Wash, squeeze and dry. 

As there are differences in Ibo quantititw of stuffs used in the present bleaching processes, 
the following account of experiments carefully conducted both on the large and email scale will be 
of interest. 

To test the effect of varying quantities of lime, seveml lota of cloth, each 28001b. weight, were 
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boUed for. 10 hours with : «» 100 lh« ; h 150 lb. ; c, 160 lb. ; d, 200 lb. ; 260 lb. lime, in the nsml 

w»y. The ;|^arious lota were tlien soured, washed, boiled with soda ash, chemioked, soured, and 
washed, as usual. From each lot, a small piece of the cloth was taken and dyed in a madder bath 
for 2f hours, boiling during the last J hour. All the fents became dyed a pink shade ; 6, c, d, 
were less tinged than a, there being little difference between c, d, and e. Besult : use 150 to 160 lb, 
lime per 2800 lb. cloth. 

Experience shows that light goods require less lino than this quantity, Oloth boiled on the 
small scale with lime for 6, 10, 20 hours, and treated as before, showed in subsequent dyeing no 
difference; hence 10 hours’ boil may be deemed safficient for a kier full of cloth, using low 
pressure. 

To test the action of resin soap, the following experiments were made : — 

1. On the small scale, the cloth was boiled with lime, soured, boiled twice with soda ash, each 
time for 12 hours ; the lirst soda Ixjil whs with varying quantities of soda ush, viz. 8 oz., 4 oz., 2 oz., 
and 1 oz. soda ash per gall, water, then washed; and the second soda boil for all four trials was 
made witli a soda solution at 2 oz soda ash per gall, water. All the trials wore then chomicked, 
soured, well washed, and dyed with madder. Itesnlt; all the fents dyod a reddish tinge. 

2. Two fents, limed, soured, and washed, were boiled for 12 hours with solutions of caustic ^da, 
containing 6 oz. and 3 oz. solid caustic soda respectively ; both feats were then boiled in a solu- 
tion of 2 oz. soda ash per gall, water for 10 boars, w^ashed, chemioked, soured, washed, and dyod 
with madder. Result : the fents were tinged red even more than in the first experiment. 

The above experiments showed that the cloth, when boiled with the strongest solutions 
cither of carbonate of soda or caustic soda, dyod up deeper and redder in the madder l)ath 
than when boiled with tlie weaker solution and provdl that whatever the proportion of soda 
used it is not able to remt)ve that principle in the cotton fibre whicli attracts the dye in a madder 
bath. I’his rosult was completely confirmed by experiments made on the large scale, taking 
2800 11). cloth, and 50 lb., 100 lb., 1,^)0 lb., 200 lb. B<xla ash (without resin) for four separate trials. 

If, in any of the foregoing experiments, a little rosin soap w^as added to the soda boil, it was 
found that after chemicking, souring, and wasliing, the clotli no longer dyod in a madder bath, 
but became merely superficiaUy soiled and tinged of a dolicato })i!ik shade. TJie rosin soap, mldod 
to the soda, seems therefore not only to dissolve off better the frei^ fatty acids; but also to dissolve 
off that waxy, resinous, or albuminous principle which attracts the dyo of the madder bath, and 
which a boiling in soda alone does not affect. 

3. In order to determine tlio best ])roportion of resin <o employ, the following trial was made. 
Cloth which had been previously limed, soured, and washed, was divided into four fonts, and each 
was boiled separately for 12 hours with the following sohitious of resin and soda in 1 gall, 
water : — 

a. 1 oz. soda, ^ oz. resin. I c. 2 oz. sodu, 2 oz. resin. 

0. 2 oz. soda, 1 oz. resin. | d 4 oz, soda, 3 oz. resin. 

The fents were then boiled for 1 hour in a solution of 2<)Z. soda per gall, water, washed, clioraickod, 

soured, washed, and dyed with madder. Results : a wiis a pretty gO(»d white, 6 and c wore the 

best white, d was brownish, not a good white. These wore corroborated by exixTimonts made on 
tho large scale with 2800 lb. cloth. If 50 lb., GO lb., G2 lb. n.'sin wore used, the dyed white was 
good, while the use of 75 lb., 80 lb. aiM more rosin gave a dirtier and browner white after dyeing. 

The final operations of the madder-bleach, viz. Squeezing, Opening, and Drying may now bo 
discussed. 

Squeezing.-— Tho squeezing rollers or “squeezers,” for expressing the greater part of the 
water retained by the })iece8 from tho final washing, are represented in Fig. 350. This machine 
consists of a pair of hard wooden bowls or rollers A A, generally of birch or sycamore, about 18 in. 
or more in diameter, and about 18 in. in length ; sometimes tho bottom bowl is made of highly com- 
pressed cf>tton. Compound levers, weight, and screws B B and C servo to regulate the pressure of the 
bowls against each other; the latter are driven by cog-whcels connected with shafting, or preferably 
by an attached independent small engine. The pair of bowls are usually set over a small water 
trough D D, through which the piece passes before entering tho nip. Through this machine 
also, two lengths of pieces generally pass at tho same time, not spirally, as in the washing moclunes, 
but each getting only a single nip. One of the principal drawbacks in this squeezer is tho oom- 
parativoly rapid destruction of tho bowls, the attendant inconvenience of stoppage, and tho 
expense of renewing or turning up tho bowls in a lathe. 

The above form of squeezer is being rapidly snpefSfeded by tho more durable one introduoed 
by Wm. Birch. Tlie elasticity of the rollers, so indispensable when the clotli strand is spread out 
in a flat layer of necessarily uneven thickness, becomes superfluous when the strarfd is conflued 
in a narrow groove, in which the layer of cloth must needs arrange itself evenly. This grooved 
form is the one adopted by Mr. Birch, the rollers being of brass, a material far more durable, of 
course, than wood or other elastic substances. This form of rollcar has further the very important 
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advantage that the even layer of cloth thus obtained in it permits a reduced pressure to he used, 
sinoc all the parts of the layer aro evenly affected and do not, as in the above-mentioned squeezer, 
necessitate an over-pressure for the thick central part in order to get some little for t^ thin sides. 


350 . 



For thin material, however, lUrcli’a machine is not adopted, imloss two or three pieces can bo 
run together, since there must be at least t inch thickness of luatorial to form a pnipy cushion 
at the bottom of the groove, otherwise the cloth will be cut. Fig. 351 represents this improved 



machine. T is a water trough through which the piece passes as it comes from the Ihud washinir 
passing thence between the two brass roUors R R, the upper one of which simpfy mts on the 
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lower one with its own weight. The nee of these rollers is to exjiress the etioess of water, and to 
{werent its h^ng earried ronnd hj the Telocity of the squeezing rollers themselTes. From these 
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This maohme £U3 described was not found practically adapted to squeezing two pieces^ at the 
same time, without fear of tearing tlie cloth, owing to the tension of the two pieces baing different, 
fbiru their overlying each other in the groove. In the newest machines but recently introduced, 
this difficulty has been effectually overcome, by Bubstituting for the rollers R K a pair pf movable 
brass straining-bars, wliich can be fixed at any angle, and by adding a swinging guide-rail, round 
which the pieces pass before going over the straining-bars. With this arrangement, the tension of 
two pieces passing between the grooved squeezing-rollers at the same time is better regulated, 
and risk of damage is avoided. 

I’he squeezed pieccjs are guided right away from the machine, by means of pot-eyes and small 
wooden rollers, from the hloaeh-houso to the white drying-room, there to be opened and dried. 
The average time required for cotton bleaching is four to five days ; the output of bleached cloth, 
using two pairs of Barlow’s kiers, with regular work, boiling during the night and filling the kiers 
in the daytime, would bo about 120,000 lb. cloth for five and a half days. 

Opening and Drying. — By the old method, “opening” was effected by leading the squeezed 
pieces into large W(X)den vats standing on turn-tables on tiie ground floor ; when full, an end of the 
piece was led up through the floor to the toj) of the drying-room above, whore the piece passed over 
a ^irgo drum-roller, down to the drying-maeliine. Inimc<lititely before this drum-roller, a young girl 
or lx)y opened out by Intnd the twi.-jiw of the long b tjglh of piece hanging down to the vats on the 
turn-tables, which required to be turned oecasioiiully one or the otiior to take out tlie twist as 
it incraised. Just before the opened-out i)ieco passed on to the cylinders of the drying machine, 
another yoimg person was [ilueed to take hold of (‘ach selva g(‘ of the piece with finger and thumb, 
and str(!tch it as niindi us wa.s neee.vury to ensure th(^ eompleto removal of every crease and fold, the 
piece then passing in a stab' of toiiaion over the grooved scrimp rails and tho revolving breadthoner 
placed immediately before tlie first drying cylinder. 

Fig. 8r)2 represents Win. Birch’s scubdier and opener, which performs this work far more effi- 
ciently and clieaply, at tlio same time abolishing an unhoaltliy ticenpation for young people, who 
wore perched close to lh(‘ ceiling, whore heat and vajiour collect most. In ord(>r to convoy au opinion 
of the quality of the work, it need only be mentioned that tho inacliine operates by friction, which 
is uniformly distribub'd across the middle and over tho whole length of the piece, thus giving 
it a uniform appoaranco; while hand labour, being only applied intermittently and to a oom- 
parativoly small number of spots, was always liable to pull th(‘ piece more or less awry. As 
tho piece comes from the squcM'zer, it is considornbly twisted, like tho strands of a rope, as 
shown at A; it thou pusses at B between tlie two double-armed scutchers or beaters geared 
together by the wlb'cls V 0, and driven by a licit at the other end, so that they revolve in the 
op})Osito direction to the cloth at tlie rate of nbont JOO revolutions per minute ; these give a violent 
shaking to the twisted cloth and beat buck tho twist freely. Tho entire success of those beaters 
depends on tho fact that, in a long length of pieces, there is about an equal number of right and 



left handed twists; before passing through tho beaters, the strand of cloth must hang horizontally 
and freely for about SO ft. From the beaters, the clotli runs over the spiral or scroll roller D* 
This is a wooden roller witli copper sheeting fixed into it edgeways and spirally, «o that a point on 
ilio thread of tho screw travels outwards at about the same velocity as tho pieoe which, passing over 
a guide, not soon iu the figure, then goes over the roller E and behind the roller I*. As shown 
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at G, the olotli is already pretty well opened oat; it 
then paeftes t^ the opener or spreader placed below, 
and immediately adjoining the drying machine. The 
opener consists of four endless chains provided with , 
projections; two work against the piece in front and 
two at the back, and, as one is placed sliglitly above 
the other, the fabric cannot be damaged by the close 
interlaoing of their projections. These endless chains 
H H move, at the side next the passing cloth, from 
the centre of the fabric outwards, as indicated by the 
arrows, and exactly imitate the drawing out oi the same 
with finger and thumb. Tnmediatfily on leaving the 
chains, the piece passes between the three corrugated 
friction-bars of the regulator I, which ensures that the 
calico shall run in the central line of tho machine. 

Of these three bars, the middle one, appearing in front 
of the cloth in tho figure, can be adj.isted to produce 
any required tension of the cloth, by screwing it more 
or loss between the other two bars ; tho latter are snp- 
j)ortGd behind by a })ivot at the centre, so that all throe 
bars together can swing like tho arms of a balance. 

As long as the passing cloth continues oeutral with tiie 
machine, no ohn.ng< takes place ; but directly H eoin- 
mencos to swerve on either uid(‘, the n^gulator is called 
into action. This regulator is ooimectod by levers with 
the framework carrying the endless chains. Tho mo- 
ment tho centre of tho fabric moves in tho slightest 
degree to right or left of tho central pivot of tho cor- 
rugated friction-bars, these swerve from their normal 
hoiizontal position, and, through tho ct)nnocting levers, 
cause tho pair of endless chains on tho same side of 
the central lino of tlie fabric to recode from each other; 
thus the friction on that side is reduced, while the pair 
of chains on tho opposite side arc caused to approjuih 
each other and grip the cloth tighter, the latler b(dng 
tlius drawn to the centre again. The corrugated surface 
of the regulator retains tho absolute straigfdness of the 
cloth imparted to it by tho chains; the clollj then passes 
over the corrugated scrimp rails at Iv on to tho drying 
cylinders L. Tho guide rel’erred 'o above, as being 
between the rollers D and E, is very sitnilar to tlie 
regulator 1, the only dilTereuce being that tim two 
outside friction bars are replaced by spirally corrugated 
revolving rollers. The maimer of suspension by a cen- 
tral pivot is the suim*, and the wliolo thus forms a 
perfectly independent swinging balanced frame sup- 
porting two rollers and a bar. If the piece swerves to 
either side, this guide of itself instantly brings it back 
to tho centre. In the figure, the piece is represented as 
passing from the opener to the sen imp rails K, and at 
once on to the drying cylmdois; in practice, however, 
a revolving breadths ner is placed before tho first dry- 
ing cylinder, by moans of which the cloth receives a 
last expansion ; there being only a few inches between 
the breadthener and the drying cylinder, it is not drawn 
into the slightest crease by the tension. 

Fig. 353 shows this breadthener or expander as im- 
proved by Messrs. Duncan Btewart and Co. It consists % 
of a brass roller mode up of segments A B, D K, half 
Hie surfaces of which are plain, as at B and £, and half 
obliquely corrugated, as at D and A. These segments 
are fastened by screws, joints, &o., to tho two rings 0 0, 
which are set on the shaft F obliquely, so tliat they 
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diverge in the direction of the moving cloth. The whole revolves by the friction of the passing 
piece, and, at the same time, each corrugated segment moves and stretches the olotl^from^oentre to 

Fig. 854 represents the drying machine in general use. It consists of a series of nineteen to 
twenty-three hollow cylinders, about 2 ft, in diameter, made of tin or copper sheeting, generally 
driven by bevelled gearing, and properly strengthened by ring-stays in the interior. The axes are 
hollow, the steam entering by the one, the condensed water escaping by the other. The arrange- 
ment for effecting this latter should be of the most perfect kind, especially in the few front 
cylinders where the oondonsation of water is greatest. Fig. 355 represents a most effective yet 
simple arrangement as devised by H. Adam, of Bonhill. As the cylinder revolves, the condensed 



water is scooped up by the funnel *A. ; it at once enters tlic triangular tube at B, and moves along to 
the other end C; Jiero it ent(n’s the tube D, and is thus condiKded into tlio conical reservoir E. 
whoncx^ its mabes it exit by the hollow axis F. The whole of tliis interior arrangement is made 
of tin plat(' soldered togotlu'r. Tlie cylinders tliemselvn's are best made of copper, sinco experience 
proves that they dry oouaiderably <j nicker than tin ones, owing to the difference in the heat- 
coD<luciing power of the two metals. 

In starting the drying maebiue, it is vrri/ miceftsan/ to allow the cylinders to revolve for some 
time Ixiforo turning on tlio nh'am ; it is well also, when the day’s work is ended, to allow them 
to nwolve for some short time after the steam is turned off, in order to discharge the condensed 
wabw lying in the cylinders, otherwise the latter are very apt to collapse through the formation of 
a vacuum, cauB(‘d by the si earn being suddenly condensed by the cold water present. Both ends 
of each cylinder are provided with spring air-valves, o})enmg inwardly, to avoid this ns much ns 
|>0SHible ; hut tliey must never bo entirely relied upon, even when in perfect order. Another im- 
jXJrtaut matter, which it is well to note in connection with the drying cylinders, is that they 
should on 110 account be fed with exhaust steam from the engiiu', because the fatty matter used 
in lubricating the engine cylinder finds its way with tlic steam into the drying cylinders, and, being 
(lecomiKisod by the action of the heat and steam, produces fatty acids which act ont'rgetic^lly aiul 
corrosively on the internal arruiig<'ments : if the cylinders are of tin plate, they will he themselves 
r*ipidly destroyed. 

As the pieces leave the drying cylinders, they are plaited down by the folders. It will be seen 
from the above descTiption, that from the final waaliing to the openinl-out dried state, the pieces arc 
never touched by bund,. 

Turkey-red Ii{tuwh.~~\Vhm goods are to bo ilycd Turkey red, it is not necessary to give them a 
full maddor bleach, because the die is plain, and no white requires to be preserved. The following 
is a summary of the operations : — 

40 cu't. Cloth. Low-jiress Kier. 8 lb. pressure. 

1. Wash (no singeing previously). 

2. Boil in water 2 hours, and wash. 

8. Ley boils : Ist. 20 gallons oaustj'- soda at 70^ Tw., 10 hours boil, and wash. 

2iid. 15 „ „ „ 

4. Sour : sulphuric acid at 2*^ Tw\, steep 2 hours, 

5. Wash well, and dry. 

The machinery is the same as that already described ; for the aouring, large stone eistenui are 
iisetl ; Into these, when filletl with pieces, the iwid liquor is pumped till tlie latter ore submerged. 
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Marht Bleachiftg,^*^ %Bxk&i bleaching *’ rotors to goodbs wbicb are bleaobed, and sold as finished 
white poods hi the market. For these, it is only necessary tlmt the white should please the eye. 
For heavy cloths, cambrics, shirtings, dec,, the processes and machinery may be exactly the same 
as for the madder-bleach, though the use of resin soap U nc^ necessary, and only soda ash or 
.caustic soda may be employed for the ley boils. Subjoined is a sketch of two proccases in use at 
the present time, each for 12,000 lb. cloth, and employing low-press kiors. 

English Process. 

^ 1. Lime into kier. 

2. Lime boil; 720 Ib. lime, boil 12 hours, 'ind wash. 

3. Lime sour: hydrochloric acid 2^ Tw., steep 2 to 4 hours, wash. 

4. First soda boil: 120 lb. caustic soda (sofid), boil I'J hours, wash. 

6. Chomick: bleaching powder solution 1° Tw., steep 2 to 4 litmrs, wash. 

6. Pci'ond soda boil or “ white boil : 120 lb. soda ash, boil 12 hours, wasli. 

7. White sour: sulphuric acid 2” Tw., steep 2 to 4 hours, wash. 

8. Blue, squeeze, and dry. 

Pootch Process. 

1. Wash. t 

2. Lime boil : 600 lb. lime, lv)il 10 hours, wash. 

8. Lime sour : hydrochloric acid 2^ Tw , steep 4 hours, wash. 

4. Ley boil: 500 lb. soda asli, 40 lb. soft soap, lx>il 10 hours, wash. 

5. Chemick : bloacbing powder solution 1*^ Tw., steep 4 to 10 hours, wash. 

G. White sour: sulplniric acid 2® Tw., steep 2 hours. 

7. Wash, blue, squeeze, and dry. 

This last process is for goods which weigh about 8 to 9 lb. per 70 yds. ; when the cloth is heavier 
two ley boils are given, wasbitig between. For muslins weighing about 5 lb. per 70 yds., 400 lb. 
lime and 400 lb. soda ash are used instead of the quantities given. 

Sometimes it happens that tlie goods contain coloured threads, either at the piece ouds, 
** headings,” along the borders, or even throughout tho piece, and which must be preserved. In 
such cases, slight modifications arc made in the process ; these can only bo lonrnt by exporionoe. 
If indigo blue or madder-lilac threads are present, the lime boil is omitted, and soda ash is used 
instead. If chrome-orange threads are present, the souring must bo omitted. (Jrocn ornaments 
containing prassian blue require very careful treatment, and to be gently boiled for a short time 
with weak solutions of soft soap alone, followed by washing anil eliemicking. 

For very light fabiic.s, sucli as book muslins, lappets, liarni'ss and Nottingliam lace curtains, 
&c., the so-called continuous process or chain bleaching is not used, owing to the delicate texture 
of the inateriuls. In the finest muslins, too, the warp threads are in pnirs, owing to two tiiroads 
having been i)a8sed through one division of the reed in we» '^ing, and tho grey niuslin has conse- 
quently a somewhat stripy apijearanco. The chain bleaching i>roceHH would not so n-adily separate 
the double tlireads of the warp, since the pieces, during tho washing, Ac., are always in a state of 
tension. Probably, however, llie slack washing machinoH, to whi<^h reference will bo made in 
speaking of lifieu bleaching, may be worth trying for fine muslin bleaching; in this cose, the 
more rapid chain bleaching would, of course, be employed throughout. 

Each piece of the above-mentioned fine materials is ma<lo up into a loose bundle and thrown 
into the kier (generally low-press), along with Jimo water or soda ush solution, as the case 
may be, for the boilings. The wasldng is performed in dasli- wheels.” Fig. 356 represents one of 
these. It consists of a stoutly-made hollow wooden druiii A, divided into four compartments, each 
quadrant provided with a hole B for putting in and taking out the pie'oes. Jets of water are 
admitted through openings C on both sides, and the dirty water runs off by small holes D in the 
periphery. E is the water main to supply tho pipe F, whidi conducts tho water through the 
openings 0. The machine is so constructed that the water is turned on or off by tho same leverage 
which throws the wheel into or out of gear. One or two bundles of cloth are put into each oom- 
partment, and, as tho wheel revolves, are tossed from side to side. The dash-wheel is about 
6 to 7 ft. in diameter, and about 30 in. wide. The speed should not be too slow, or the pieces 
will slide down tho sides of the compartments ; but if too quick, tlie centrifugal force will liold 
them stationary. This washing is one of the very best, and is very gentle ; it has only lieen super- 
seded by those described, wherever jKmsible, on account of its slow and Inlermittent character. 
For ohemicking and souring, the stone tanks with falsfe-* bottoms and drainers, os described above, 
are employed. 

Instead of the squeezers, the “ hydro-extractor** is used. Fig. 857 represents the best description, 
as oonstracted by Messrs. Duncan Stewart and Co., Glasgow. It consists of a drum or cage made 
of dose galvanized wirework, or of perforated copper sheeting, so suppotted by a spindle below thet 
the whole can be made to spin like a top, but will stand upright when at rest. It is driven by 
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frlotioii from below, and can be made to revolve at the rate of about 1500 revolutions per minute, 
with a perfectly regular and smooth movement. The whole is protected by a strong (^st-iron case. 
The wet bundles of goods are placed in the cage, as evenly and equally as possinle, so as to 



With rcsj^ect to the uu'thod of hhaehiug such fine goods, it is very similar to Ihoso given, 
the nmoiint of lime, soda, being redueod to suit lln*. texture of tlie lunteriuls. The followiug 
proTOSH for 1000 11). ololJi may be taken as a type, using low-]>ro8s kiers ; — 

1 . Wash, boil in wnh'r 3 hours, and wash. 

2. First soda Ijoil : 70 lb. soda ash, 20 lb, soft soap, boil 0 hours and wash. 

3. Heeoud soda boil : 50 lb. soda ash, 20 lb. soft soap, l)oil 3 hours, and wash. 

4. Ohemick : bhmclung powder solution Tw., stecji 2 h<nirs, wash. 

5. Bout: bydrv)chloric scid Tvv., stoop 2 hours, wash. 

6. Third soda boil ; 30 lb. soda ash, 20 lb. soft soap, boil J hour, wash. 

7. Ohemick, us before. 

8. Sour, as before, n»»d w'ash well. 

With tho market blemhers, a most pai^t^'cnlar part of tlieir work, os important as the bleaching 
itself, consists in “ finishing’^ the goods to suit the histoeof the various merchants and markets, and 
in imparting a fine n{)pearanoe to tho fabric. This embraces starching, damping, calendering, 
beetling, stontoring, and folding, one or more of these processes being employed according to tho 
** finish ” required. 

Bturching.— For tho thicker fabrics, cambric, &c,, the so-called « starching mangle** is used 


in tbis It ia v&tf flImilaY to the older kind of ^ B(|ue aer.^ and oonsista of a fiair of heavy 

rollera, one of eompreaafeid cotton yam and the other of braaa, the lolver on© dipping into a deooo- 
tiou of etarch contained in a wooden trough below* The cloth is drawn at its full width between 
the rollers, acquiring au excess of starch, which is at once expressed ; it is then generally run 
directly over the drying (flinders, end tbldod. There are otL jr machines, so adapted that the 
starch is only put upon the wrong side of the cloth. This Inetbod is used when the cloth is of low 
quality; the starch is mixed with a large percentage of “filling’* (china clay, <Src.) for the pur- 
pose of filling up the pores, and giving weight and false solidity of appearance to the fabric. 
One arrangement by which this is effected consists of a coarse ly pin-engravod copper roller, on to 
which the passing cloth is depressed. The copper roller revolves in a direction contrary to that of 
the cloth, and is coated with Uie starch mixture by a fumislier or wooden roller revolving in 
contact with it, or by dipping iiuc the starch itself. The excess of starch on the copper roller is 
scraped off by a steel blade before it touches the cloth, so that the starch remains only in the 
engraved parts. In this manner, the starch is, as it wore, printed, on to the buck of the cloth. 
Another method is to depress the cloth on to a pair of rolit rs ro\olving in the starch mixture; 
the cloth is plastered with an excess of stiuch, which is then spread and partly scraped off, 
by passing the cloth over a steel blade. Tht^ two lollers can be adjusted at any distance from 
each other, so as to regulate the quantity r** starcli passing between them and coating their upper 
surfaces. Figs. 358 and 359 rcp)’*)^ent these two methods ; 11 II are the depressing rollers, A A tho 
starching rollers, E tho pin-engrave<l roller, B B the steel blades, fe 8 tho starch boxos. 



When tho starching is done on one side only, it is usual to have the first ftjw upper drying 
cylinders replaced by reels, and so to thread tho cloth that only the unstarched side of tho piece 
touches the drying cylinders, till the middle of the machine is approaclied, when the cloth is partly 
dricMi, This prevents the starch from sticking to the cylinders, and cmning off again in lumps on to 
the pieces, thus spoiling their appearance. Tho same or a similar arrangement is used when tho 
cloth has a raised woven pattoni, e. g. brilliants, brocsides, (fee. ; in this case the figured side of 
the cloth is not allowed to touch and be flattened against tho drying cylinder ; thus the raised 
figure is preserved. 

The starch itself is a decoction of wheat, rice, sago, or other starcho.s, according to the finish 
required, mixed with a little ultramarine, indigo, or aniline blue, to remove tho yellowish hue of the 
white. If necessary, tho “ filling” already mentioned is added, also a proportion of soapy and waxy 
matters, which serve to render the goods soft to the feel, or capable (jf receiving a high lustre in 
tho subsequent oaleudoring. 

Damping. — The damping process is required after starching, since experience shows that the cloth 
must contain a certain amount of moisture to subsecinently acquire the proper feel and finish. Some- 
times damping is rendered unnecessary, by regulating tho speed of the drying machine, and allowing 
the piece© leaving it to contain the necessary amount. of moisture; this is called “conditioning** 
the pieces. To gain speed, however, toe pieces are generally hard dri(id, and a simcial “ damping 
machine ** is employed. Pig. 360 represents such a machiile. D is a water l)ox, with roller-brush 
E, which ^ps more or less into tli© water; in the upper part of the box, there is a narrow slit, 
across which the cloth posses at B, and there catches tlie fine spray thrown up by the rapidly revolving 
roller-brush. Wis a weight attached to the lever L, to depress the loose roller B, on which the 
damped cloth is beamed agaiust tho driven roller C. The amount of moisture imparted to tho cloth 
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if by r^ulatlDg the height (tf tbe veiet in the box. The pieoes are alhmefl to traudn 

on the beams for some time, in order to equalize the damping. There ate other forma of damping 

360 . 



naachlnofl, o. g. whoro tho injector principle is applied as a spray producer ; but the one described 
is tho most general. According to tho finish required, the goods, after damping, are either 
** oulendered *’ or beetled for a soft finish, this is done even without previous starching. 

361 . 



Calendering.— The Kaniod cloth from the damping machine is placed in ftoui of the calender, 
passed between tho rollers of this maohinOi and thus subjected to powerful presstHo or friotioiii or 




BLBAOHINa 


m 


both oomhinod. S61 and 862 represent a six-bowkid oalender of the best desoripUoii, es made 
by Messrs. Doneaa Stowart and Oq. A A* A* nre bowls,^ made of highly-oomprossed paper sheets 
inanufactur^ from linen ra^s. * They are exceedingly hard and ^astio, and not at all liable to 



crack or warp under the immoiiflo pressure to wliich they are subjectod. B B' are hollow iron 
cylinders, whicli can be heated by liot bolts, sti'am, or gas; F is a fun, to supply the air necessary 
for combustion when gas is used. D D arc driving and friction oulb^ys, driven by a straight and a 
crossed belt respc'ctively, from ovorhoad shafting, and having roversihlo action ; they are connect<>d 
with the three lowest bowls by g(3aring, which is so arranged llmt the roller B' may l>e made (o 
revolve with a surfaex) speed about a <j[iiarter greater than that of the rollers A'-* and 0, which 
revolve at the same speed. E E are screws, for relieving at once the pressure of all the cylinder* 
on each other, when the machine is standing. G G arc levers, in action when nil the six howls are 
in use ; H H are lovers, employed when only the tlireo lowest bowls are required. For common 
calendering, or “ swissing,” as it is termed, tho gearing wheel I is withdrawn, and the whole six 
Iwwls rovolyo with an equal surface speed, no friction against the piece taking place. Tho hollow 
iron cylinders may be heated or not, according to tho finish n^ejnired ; and tho fabric is smoothed 
by simple pressure, or by pressure and heat cr)mbiiied. Tho dotted lino in the figure shows tho 
direction of the piece for “ swissing.*’ To give tho pieces the highest dogroo of lustre, i. e. for 
“ glazing,” only the three lower bowls aro used, with the wheel 1 in gear, tho upper bowls being 
slightly raised, and the hollow cylinder B' heated. Tlie plain line in tlio figure gives tho direction 
of the piece for ** glazing,” during which process tho machine performs, in an intensely exaggerated 
degree, the effect of the “ ironing ” of the laundry-maid. 

Beetling. — The “Beetling machine,” Fig. .%3, gives to tho cloth a finish entirely different from 
that im^mrted by the calender. It consists of a row of heavy beams of hard wood A, about 5 in. 
square and 6 ft long, provided with notches or projections, by means of which thoy are raised by 
cams or projections 0 on tho revolving roller B, and are then allowed to fall with their own weight 
on a toller D or table below, on which the cloth is placed, several folds in thickness. By this 
repeated hammering, tho cloth, which, if on a flat table, is constantly moved about by hand, if on 
a roller, by the revolving and lateral movement of the latter, becomes extended both in breadth 
and length ; it acquires a certain lustre, and a thick and leathery feel. By the pressure of the 
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tbreadfl of otie layer of cloth on thoac of the other« a watered effect^ similai^ to that of moire antique, 
is prodaoed. The weft and warp tlxreads are not fiattenod so smoothly as with the calender ; the 



cloth htill retains, nt some Hta^^e.s, a thready appearance, and might almost l)c mistaken for linen, 
which it is in fact intended to imitate. 



Ah has boon said, the first clFect of Iwetling is to stretch the cloth, and, in order to economize 
time in this respect, a novel machine has been made by Messrs. Duncan Btewart and Co., and has 
proved itself thoroughly efiioient. Fig. 364 represents a front view of this maclrino. The damped 
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doth is led wider and oyer the straining bar and rollois A A, between the wooden rollers B B, 
bach the middle rollers B and 0, and then through the grooved metallio rollers 0 C; 

{■rom here the piece passes behind, over the soroli roller D, over die roller E, and ,hetween the 
folding rollers F. The grooved rollers, which fit into each othor, but without actually touching, 
stretch the cloth at once, thus saving time in the beetling. Another machine well worth notice hero 
is the new ** Beetling machine,” Fig. 365, introduced by Patterson, and made by Messrs. Mather 
and Platt, of Manchester, and Messrs. Duncan Slowart and Co., of Glasgow. 



In the older machine, the utmost speed at which the fallors or liammers can work is sixty blows 
per minute ; with this new machine, the hammers work at 420 blows per minute. An olaetio blow 
is obtained by suspending the hammer in a leather strap, attached to a semicircular steel spring, 
which receives its up and down motion from a crank. Fig. 366 gives a section of the machine, 
with another arrangement for supporting the beams of cloth. 0 is a wooden hammer, backed by an 
iron block, the whole being suspended in leather thongs. D is a guide to prevent the block from 
oscillating to the side. At E is Iho crank shaft ; A A are the beams of cloth, and F F is the 
framework of the whole machine. It must bo remarked, however, that these machines have not 
been able entirely to supersede the old kind. Experience has shown that they cannot produce the 
water mark, though they serve admirably for a preparatory beetling, thus saving time. This 
machine rough-finishes for five machines of the older kind, and for this purpose takes the place of 
seven of the latter. The whole process of beetling may last from a few minutes to several hours, 
according to the degree of finish required. 

Folding.— This is the lost process, by which the finislied pieces arc made up into folds of a 
uniform length, generally about a yard. Formerly this was done by girls, hooking one selvage of 
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frame, or agafoet a wall* One of the hooSte was laoveable, so tliat it could o© fixed to suit auy 
length of fold. 



Figs. 3 G 7 and 8 C 8 represent tlio modem folding mnehino of Me88r9. Hacking, Bury, in general 
UBO. Fig. 3 G 7 shows a perfect machine, with all the working parts. The motion is imparted to 
tlio maoliiiio by mennB of piilloye fixed on the first motion shaft A thence it is communicatedi 
to the crank shaft by the spur wheels B, At each end of Iho crank shaft, are cranks (one of which 
is shown at C), which give an oscillating motion to the side arms T). through the connecting piece E. 
At the top of the side arms D, there are car/ ' mg blades h 6 , which arc for tho 

purpose of laying the folds alternately under s (/* gr*. The semicircular table P 

is made to press upwards by means of conntei't ^ against the holding rails p®, 

and 80 securely holds the cloth laid by the foUling blades h 6 . To make the bold on the cloth 
more secure, tho holding rails are generally covered with pin-pointed cards or with corrugated 
indiarubber. When the piece is folded, tho foot lever is depressed ; this causes the table P 
to descend, and relieves the cloth from the holding rails <7^ y®, so that the folded piece can be 
removed. 

Buch is a rough general description of tho ordinary movements of this machine. The whole is, 
however, so oomplicatfHl and ingenious that a reference to some of the special movements is 
necessary. I'lic swivelling arm a, which determines ^the swivel of tho knives or plaiter 6, is worke<i 
by a cam c, placed upon tho crank-shaft d, thus communicating (by means of levers e and /) the 
ntHSOsaary amount of swivel to tho knives without any alteration, at whatever length of plait the 
machine may be roquircHl to work. The altering of the position of the card-rails is effected as 
follows : — The card-rail hnickets if <7® are extended, by means of the levers A* A®, to the rocker shaft i. 
In the levers A’ A*, are made the slots A' A®, in which work the studs /* /® ; these, being actuated by 
the right and left hand worm-shaft t», cause the levers A^ A®, bearing the caM^oH brockets, to 
approach or recede from one another, as the handle n, upon the end of the worm-shaft m is turned 
round, cither from left to right or tioc versa. This motion* is ^communicated by means of the bevel 
wheels 0 to the opposite side of tho machine, 00 that by turning the handle a the card rails are set 
parallel at any required distance, with the greatest ease. The top of tho framing is marked in 
half inches, and a finger is attaohoil to tho oard-mil bracket, so that the hatwlle n nmst bo turned 
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lound onHi tin fiogw ^nta st tlM le^uiied flgnfP ; the oenls an tiien in « poeitian to work. 
The ngnlattini of the crank, to giro the required aire^ to the kniyea, ia rendered very aim|de. 
On the aquare-ended shaft i, ia placed a box key or handle, which, in being turned round, dtawa 



the crank arm towards or farther from its coniro, by means of the bovol wheels p and the screw q ; 
thi.s motion is communicated also by the shaft d to the opposite side of the machine, so that by 
turning the handle on the end of the shaft d, the crank, which is also marked in half inches, is 
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rapidly brought to the required point. Fig. 368 represents only such parts as are necessary to 
illustrate the special movement, to which reference will now be mi^e. The object is to draw down 
the table F ou which the cloth is being folded, at each side alternately, just as the folding knifo & 





entera under the holding raila g' 
or and to lot the table rise and 
secure tlie cloth immediately after 
the knife passes out. The knife 
thus passes under each folding rail 
without friction or wear, and the 
folded cloth is not pulled, rubbed, 
nor scratched. This is t'ffocted by 
means of the chains r and r\ which 
are CyOnnected with the table, and 
are alternately drawn down i)y 
the cam and 1k)w1 y and z fixed on 
the crank shaft A, which, as they 
revolve, work against the curves 
t and t\ and Ibn'e tlicin in op|>osito 
directions. Tlie curves beijig con- 
nwited with the chains by the rods 
« and cause the tabic to be de- 
pressed. The folded pieces are 
next re-folded into three by hand, 
pressed, atid stamjjf'd ready for 
packing. 

Muslin Finishing. — With the 
finest book musliuB, the starching 
is still done by hand. Each single 
piece is dippcid into the decoction of 
starch and blue, and W(dl kneaded 
on a table. The etar(d)ed piece is 
now taken to a moderately heated 
room and “ aired.” Two girls oj)on 
out tlio piece, and, holding ('acb 
end, sway it to and fro for a short 
time to dry it iwirtly; it is then 
crumpled up again, pressed well 
together in the hands, and m~ 
opened out, and the process is 
repeated till the starch is deemed 
to bo sutfieiently well worked into 
the fibres. The pitKio is now taken 
to two other girls in a cooler jdaeo, 
who, after ojKining it out, pass it 
lengthwise between them, holding 
each B<ilvage, and, by a sliovt rapid 
zigzag motion given to it every 
half-yard or so, straighten the weft 
(Stud warp threads, so that they 
stand at right angles to each other. 
The piece is now taken to be 
stretched and dried on the sleutor 
fmmes. Figs. 309 and 870 ropri-sent 
respectively the receiving and the 
delivering end of one of the most 
improved of these machines,’ as 
made by the patentees, Messrs. 
Duncan Stewart and Co. It is 
known as tho “ oontinuous clip 
stentering machine ” ; and consists 
of two somewhat parallel lines of 
firamiug, wdiich guide the onward 
movement of two endless chains 
C 0, made up of small brass clips 
which hold tho selvages of the 
fabric. The cloth is Introduced at 


1 


369 . 





m BLEAOHINO. 

the end H of the machine, by two girls, each holding a selvage ; here the clips op^ and close 
automatically, gripping the selvages very tightly. At this point, the maohine is om^nioted so 
as to admit of the cloth being easily inserted ; further on, however, the two lines of filming are 
fixed by moans of screws at a greater distance from each other, and the cloth becomes stretched 
to the requisite breadth, at the same time moving along continuously, and is delivered dried and 
finished at the other end D ; F is the cloth passing away to the folders ; G is the engine for driving 
the whole machine. 

In this manner, a “ stiff finish is given, the cloth feeling rigid and inelastic. The so-called 
ehistic finish,” a special feature in certain varieties of muslin, is imparted to the pieces by the same 
machine, by moving the lines of selvage backward and forward during the drying and stretching 
on the stenter frame. This is effected by a crank motion imparted to the whole machine at E, which 
causes the weft and warp threads of the fabric to rub against each other till dry, thus preventing 
them from becoming united. Dried in this manner, the goods possess a characteristic and remark- 
able elasticity. The drying portion of the machine consists of rows of steam pipes situated imme- 
diately below the piece; or, as is very usual, a blast of heated air is driven against the piece from 
below, and fanners are placed above, at certain distances from each other. For this muslin^finish, 
fin® wheat starch, boiled with water containing a small proportion of alum in solution, and a suitable 
quantity of smalts blue, is used ; ultramarine is inadmissible, owing to its being destroyed by the 
acidity of the starch. 

Nottingham lace, harness curtains, and similar materials, are starched by spreading them out 
on largo tables covered with blanket and canvas, on which a thin layer of boiled starch and 
blue has been previously spreoci by moans of brushes. When the fabric is extended on the table 
thus prepared, it is brusliod over in order to press in the starch, which thus coats only one side, 
leaving the figured thicker portion to stand out clear and white from the more open groundwork, 
which is bluoish. 

larn and Thread BkacMnfj , — ly the form of yarn and thread, cotton is free from size, grease, &c., 
and the process is consequently less soy on* than for cloth. The lime boil is entirely dispensed with, 
and there are slight modifications in tlio machinery employed. The yarn chains are “ warps,’’ used 
for weaving winceys, shirtings, ginghams, «5ko. As tlioy come to the bleacher, they vary in leng;th 
from 50 to 15,000 yds., but are usually plaited five-fold in a loose manner ; the bleacher plaits 
them fivo-fold again, so that the chain is reduced considerably from its real length, and is thereby 
rendered more nmnageablo. This plaiting is done very loosely and rapidly by hand, though there 
are macliines which plait three-fold. If the yarn is in hanks, these are linked together in a simple 
manner, to form a long chain, though they aro still, in many bloach-houses, handled as separate 
hanks throughout the process. If the yarn is in the form of “ cops,” ready for the weaver’s shuttle, 
these are piicked as carefully and tightly as possible into pure hempen bags, containing 16 to 201b! 
each, and are sewn up. 

The following is a sketch of the blenching process, as used for 3000 lb. of cotton yam, em** 
ploying open low-proas kiors 

1. Ley boil : GO galls, caustic soda, at 32^^ Tw., 400 galls, water, boil 6 hours and sweeten f hour. 

2. Wash through washing machine. 

8. Chcmick : bleaching powder solution, 2*^ Tw., 2 hours under sieve, wash i hour under sieve. 

4. Sour: sulphuric acid, 1'^ Tw., ^ hour under sieve, wash i hour under sieve, 

5. Wash through washing machine. 

6. Run through dumping machine, with liot soap liquor and blue. 

7. Hydro-extract and dry. 

Cotton thread is treated in tlie same way ; but, on account of its closer and finer texture, the first 
five ojwralions are repeated Iwforo passing to the sixth, using for a second ley boil about 8 galls, 
caustic soda at 32*^ Tw., or 30 lb. soda asb. 

The ehemioking, souring, and washing are performed in stone tanks having false bottoms and 
perforated dminera or sieves above, tlie liquors being matlo to circulate from a well below, by means 
of pumps. Fig, 371 8lu)W8 this arrangement. E is the cistern with a false bottom F. and a valve 
O communicating witli the tank D below; B is the shaft which drives the pump 0, for raising 
the liquor up to the drainer F' ; A is a winch for drawing the pieces into the cistern. The drainer 
may cover the whole surface of the cistern, and can bo lifted up with hinges when introducing 
or withdrawing the cloth. For the sours, the drainer is made of wood ; for the ohetnick, of sheet 
«inc. The waahing machine referred to is similar to the one described uuder ♦‘madder bleach.” 
The drying machine for the chains is also similar to those described, but is fitted up at each end 
with i)eg rails, to guide the chain spirally while it is moving several times from end to and between 
the drying cylinders. Just before drying, the plaiting is unloosed, so that the chain is dried in 
simple chain form. Hanks and cops are dried in stoves heated to about 71® (160® F.), the former 
being HnH|)emled on pr>le8, tho latter placml on tmys made of galvanized wiio netting. 
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Tlie dmaping maohine ** is mth&r a speciality in yarn and thread bleaching, where tli© chain 
fonn is nsed^ It c<»sist8 of a pair of Heavy wooden rollers set over a large water trough. The 
upper roller is covered with close coils of cotton rope, to render it somewhat elastic. This roller 
rests with its own weight on the lower one, so that the knots t r lumps produced by the plaiting or 
linking of the chain cause it in passing through to and fall with a jumping motion, thus 
squeezing the soap solution and blue into the very heart of the fibre. This part of the process Oilds 



very considerably to the beauty of the white. When the yarn or thread is handled in hank form, 
this treatment with soap solution takes place in the wosli stocks, Fig. 872 ; A is the box or 
trougli, made of a solid piece of wood, containing tbo yarn or thread at F, and fi)d with water fjorn 
the pipe H ; B and 0 are two heavy wooden hammers, working side by side into the same trough. 
They are supported by a strong Iwse iron bolt at D, and are raised alternately and allowed to fall 
again by the cams on the revolving sliaft E. G is a table to hold yarn ready for entering the 
machine. 

A special washing machine also is required when the yam is in hank form. Fig. 373 gives a 
representation of the ingenious inRohinc deyised by Gantert. It consists of an annular or oval- 
8haj)ed trough A of any suitable size, in combination with a series of radial horizontal revolving 
arms working above the trough. A roller B is carried on the outer end of each arm which serves 
as its axis, and the several rollers revolve immeciiately over the trough. The hanks or skeins 0 
to be washed are hung upon the rollers as indicated, and thoir h>wer ends dip into the water fu 
the trough, in which a partition is fitted. The water enters on one side of this partition, where 
the hanks are taken off, circulates round the trough, and escapes on the oihtT side of it, where 
the hanks are entered. By a complicated mechanism, the hanks are niove^l along, at the same time 
that the rollers B revolve, and cause them to vary their position to the water ; in addition to this, 
the amiSi rollers, and banks have a backward and forward movement. The machine may be 
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Iliad© o{ «uch dimmeioris that one circulation will give a ©ufficiont wash ; the hank© for waging 
are constantly put on to the rollers B by a workman oh one side of the water-trotgh divialon, 
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and are as rapidly taken off thoroughly washed by another workman on tho other Uido of tli© 
division. Tlie whole action imitates, in a striking manner, tho washing of a hunk rjk it is done 


by hand. 




Woollen Bleaching, As already mentioned, the bleaching of wool diflSsrs entirely from that 
of cotton, since their chemical and physical properties are dissimilar. Stiong alkalies dissolve' it, 
and blettching-p<)w<ler sohitien de<*om|)Oses and destroys it, with evolution of nitrogen gas. 
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In gnnewa il»e M^ing of wool consists in “ aoouring,*^ wosliing with water, eolntione 
of eoap, and weak alkalies ; and in bleaching or whitenings by means of sul|dinxona add. The use 
of sulphnroni acid, and of ammoniaoal liquors in the form of “ lent ’’ or stale nrine, is known (firom 
drawings on the walls of Pompeii) to have been practised by the Homans. 

Woot Washing. — The preliminary step in woollen bleaching oonsibts in removing, by washing, a 
portion of the suint and other adhering impurities. This may take place before shearing, in which 
case the animals are led into a nimung stream of snitable depth. Three to five men enter the 
brook, and the animals are washed by each successively, fimshing with the man standing in the 
uppe^r part of the stream. The loss in tliis operation may vary from 20 to 70 per cent. This 
first washing m vy also take place after shearing, in f-hicli case, the fleece is steeped in cold water, 
and is then washed in wickt'r baskets or nets in a running stroani, or in larg'o tubs. Fine wools 
are afterwards washed in we^in water, drained, and spread on the grass or in stoves to dry. 
The drying machines recently intredaced by Petrlo and FiclJen, of Rochdale, may be used with 
advantage. 

Wool Scouring . — When the manufacturer or dyer receivos the wool, it is further washed or 
“ scoured” with the following dtiergeiits : for fine long wools, soft soap ; for short W(X)ls, coarse or 
fine, stale uriuo, alone or mixed with soda ash, also soda ash alone, Bilic«»-o of soda, and mixtures 
of alkaline cfiwlwnates and soap. When stale urine is used, the l<')Ose wool is plunged into a l^rgo 
tub, containing about 1 measure of stale urine to three or four measures of water ; after being 
worked about with a stick or stang for five or hm iniiiiites, it is lifted out with a fork on to a drainer 
or scray. When sufficiently drained, the wool is thrown into a cistern provided with a perfoi-ated false 
bottom; here it is well washed and worked about in cold water two or three times, the water 
being let off below between the washings. This method reipiires, of course, an abundant supply 
of water; by it, rme man can scour from 500 lb. to 600 Ih. per day. An improvement ujicn this 
metlKKl, used in some places, is to have a porforah d shoot-iron box swung on a crane. Tho per- 
forated box is let down into tho scouring tub, and tho wool is worked about in it; it is then raised, 
and allowed to drain, alter which the wool is tilted into the washing cistern, to be washed two or 
three times as before. This arrsingerncnt requires two men ; but more work can be got through. 
Tjong-staplcd wools arc-, worked about with forks in the scouring liquor. When soap is used, the 
wool is passed between squeezing rollers, before washing off in water. An excellent scour is also 
obtained by using resin soap made with soda ash (see Cotton Bleacliing). 

Tliough tlio above methods are in general use in small works, they are suporsedod in large 
establishments by the wool-scouring machines. Fig. .‘174 shows a “ single four-rako ” machine, made 
by Mosers. J. and W. McNaught, Rochdale. It consists of a largo cast-iron trough, fitted up with 



an ingenious arrangement of forks or rakes. The loose wool is introduced by a boy at one end of 
the trough ; by the movement of the rakes, it is well worked about in the scouring liquor and carried 
gradually forward to the other end of the trough, there to be lifted out of the liquor by a special 
mechanism, passed through a pair of squeezing rollers and thrown off, by a fanner, in a semi-dry 
condition. The wool is then brought back from tho delivery to the entering end, and is passed 
through twice or thrice, using cither fresh scouring liquor or water, as required. With a complete 
machine of three troughs, ranged in a lino, the wool is passed by self-acting machinery from one 
trough to another, and is finished at one operation. If tho scouring-houae be small, one of the 
trouglis may be mode angular, to fit into the corner. 

The wool to be scoured is placed upon tho apron or fo< dor u, which carries it to tho trough; H 
is then pressed into the liquor by the rotating immerser 6, and passed forward by the rociprocatitig 
rakes cc; e is a statioxtiry rake, which the reciprocating rake intersects ; its use is to prevent the 
wool from passing forward too quickly. The stationary rakes are hung on pivots, and are adjustable 
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to *finy Angle, to snit tlie various qualitioa of wod. After having been carried lorwaifd by the 
washing rakes, the wool is lifted out by a swing rake at the other end of the trough, and is 
carried on to the second trough, by a very ingenious contrivance, represented in aeotio^ on a larger 
scale in Fig. 375. A is the swing rake with a double row of prongs, which work close to the end 
of the trough, being of the same curve as that traced by the point of the prongs. The wool is, by 
this means, lifted out of the liquor, and deposited at the bottom of the inclined plane. In order 
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to prevent the wool from being washed hack into the trough by the surge of the liquor, a number 
of retaining i)rong8 r, at tlio bottom of the incline, shoot up from beneath the incline directly the 
wool is landed on it. 11 is a ilat rake or frame, with short prongs projecting below (similar to 
a harrow us used for agricultural puri)Ose8); this rake is workoil by the cams I upon which it 
rests, and by tin? crank K, and is so actuated that, aft(5r the wool has been deposited at the bottom 
of the incline, it drops upon it ami drags it up the incline, to the extent of its stroke (about 13 in.) ; 
it then rises, and returns over tho wool, to drop upon it and drag it up again, the rtitaining prongs 
withdrawing immediately that tho rake drops upon the wool. The rake II works stroke for stroke 
with tho lifting rake A, fmd drags up tlio incline all tlie wool which is deposited at the bottom. 
The wool, being pusliod by tho rako over the end of the incline, emerges upon a series of metal 
rollers M, about 3 in. in dinmotor, all revolving in one direction, whicli carry it forward to tho 
B(iueezor8. 'Jlieso rollers M are so driven that each succeeding roller shall revolve quicker than tho 
one before it ; this continual increase of spoi'd efiectually prevents any wool from getting down 
Ixjtween tho rollers, distnbuthvg it evenly, and enabling it to enter the squeezers in a continuous 
sliver, without losing oven the shortest tibres. Tho squeezing part N is strong, and is fitted with 
escapement motion, to ouhuto equal surface spectl iu the two rollers. P is tho inlet of the liquor 
expressed by tho squeezers, and conveyed back to tho trough by a pipe. After passing tho 
squeezing rollers, tho wool is cleared from them by the roller Q revolving in the same direction 
with a slightly increased surface speed. The wool falls from this “ clearer roller ” directly into the 
second trough, to bo carried forward by the washing rake as before. At the. end of the third trough, 
a delivery fan, about 2 ft. in diameter, is placed bcliind the squeezing rollers, and, after passing 
b('tweon them, throws off the wool in n semi-dry condition. Each ti*ough is fitted with a perforated 
false bottom, with space undomeatli to allow tho dirt and mud to settle; Z is a wator-pipe for 
swilling tho mud away. The bottom of tho trough s1o|M 38 downwards from tho delivery to tho 
feed end, and a large outlet valve is placed at tho lowest point. Between and beneath each two 
troughs, is placed an injector S ; a j\'t of steam, introduced into the connecting pipe U, causes 
tho liquor to pass cjuickly from one machine to the other ; by this arrangement, all the troughs may 
work together on the same level. Tho first trough contains a strong scouring liquor; tho second 
a weaker one ; and tln^ third may contain running water. Besides the one described, there are 
other go(yd machines by Polrio and IahjcIj, each possessing special features, 'flie loss in this 
scouring may range from 35 to 45 per cent. Tho temperature of tho scouring liciuor is iibout 54 
(180^ F.). Tho active principle in stale urine is the carbonate of ammonia, produced by fermenta- 
tion; this forms an emulsion Vith the fatty matters. When carbonate of soda is used, the strength 
of the sidutiun should bo nlwut I Ib. to | lb. soda, per 10 galls, water. FoAne wool, soap and soda 
is sometimes usetl. It is seldom that loose wool is sulphured. 
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Tam Sooni^g.«^T?li6D w6ol has heesi spun, it comes to the mantifactnrer or dyer in theibnn of 
hanks, and contains in thife state about 10 to 15 pei* cent, of rape, olive» or other oils, or oleic aoid^ 
whidh have be^n added to fhoilitate the operations of spinning. TJio detergent used is generally 
carbonate of soda, or a mixture of soap and soda, or of soap and ammonia, the latter for bcttter class 
wools. Before scouring, it is usual with some kinds of wool, in order to prevent the felting of the 
yam, to steep it in hot water for about five minutes, and then to leave it to cool. The scouring is 
done in large wooden boxes, heated by a perforated steam pipe. The hanks of yam are hung on 
sticks placed across the box ; they are worked to and fro, and frequently turned over by two men 
standing on each side, for ten to fifteen minutes, then lifted, drained, transferred to a second box to 
be worked in a similar manner, and finally washed in cold water. The temperature of the scouring 
bath is about 00® to 66° (140° to 150° F.). In some establishments, the scouring of hank yarn Is 
also done by a machine very similar to the cotton yarn washing raacliiue. Fig. 378, p. 508. By 
another method, the hanks are worked about by hand in scouring liquor standing in a small 
box or tub, and are carefully placed on a travelling endless Imud, which loads them through a pair 
of squeezing rollers, and drops them into a box behind. Tho process is repoatod, and a wash in 
cold water finishes the operation. A gocnl and rapid method of scouring woollen yarn is by moans 
of the machine represented in Fig. 376, which is extensivtdy used in the Paisley dye-works. A 
great advantage gained by employing this macJiino is that the scoured and dyed yarn becomes less 
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tangled, and will wind very much better, than when scoured by hand. It consists of two iron 
squeezing rollers A and B, both covered about 1 in. thick with some soft, durable material, e. g. 
silk noils, in order to make them elastic. These rollers arc sot ov» r tho delivery einl of the wooden 
trough 0, which is about 8 ft. long and 2 ft. wide, and is fitted up internally with wooden rollers 
above and below. The hanks of yarn arc previously linked togolhor, end to end, by means of a 
small knotted and twisted loop of cotton cord, tho knot being buttoned, as it wore, in the end of 
the twisted loop. The hanks thus form one continuous chain, and tho whole operation of linking 
is rapidly performed by a boy. The knot is always left between the hanks, to prevent its cutting 
the yam, on passing through tho squeezing rollers. By this method, one man and eight lx)ys can 
scour 3000 lb. yarn a day, using two machines, ono for the rough, and the other for the finishing 
scour. By placing three machines in a row, and feeding the last ono witli a continuous supply of 
clean water, the scouring may bo performed at one operation, and with fewer attendants. Tho 
advantage of this is obvious. 

Varn Sulphuring , — Yam to be dyed in dark shades needs no further bleaching ; but when certain 
delicate and light shades are to be subsequently dyed, or if the yam is required white for weaving 
purposes, the damp scoured yam is hung on poles, and exposed in a sulphur stove to the action of 
sulphurous acid gas. Finished wluto yarn is blued in tho last washing with a little neutral 
indigo extract, or with a mixture of aniline blue and aniline violet, before sulphuring. The 
common dimensions of a sulphur stove for tins purpose are Height of tho walls without roof 12 ft., 
breadth 12 ft., length 27 ft. It is built of brick, with a tiled fioor, and is provided with a closed 
window at each end, and with a door, made simply but well. In tho interior, there is at each 
comer a furnace whereon to bum the sulphur, end opiwsite each furnace is an iron door opening 
outwards. Two of the furnaces have a small chimney 6 ft. to 8 ft. high, to facilitate the rising of the 
vapours to the upper parts of the stove ; the other two have none. The yarn is hung on poles, 
resting on a wooden framework ; the entrance door and a trap-door under the ventilator are then 
closed, tho necessary quantity of sulphur is placed in little cast-iron pots, lighted, and put in by the 
iron doors, and all is closed up. As the oxygen in the air of the chamber becomes exhausted, tho 
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burning gulphur is extinguished. The yam is left in from six to eight hours or overnight ; then 
ell the doors are thrown open, and, as soon as the place is well ventilated, the yam is taken out 
and Imng in the open air, to allow tlie absorbed fumes to escape. The amount of si^hur burnt is 
about 6 lb. to 8 lb. sulphur to 100 lb. yam. After sulphuring, the yarn is well washed in cold 
water, and dried. 

Cloth Scourimj , — In general, thia ia very similar to yarn scouring ; but, of course, the machinery 
is diiferont, and there are slight variations in the time occupied and in the quantities of stuff used, 
according to the different qualities of the material. Fig. 377 represents one of the machines used. 
Four such mucliinos, called crabbing machines, are usually placed one behind another. Each 



consists of two howls, the ufiper one A of iron, the lovi^or ono B of wood, working in a wooden box 
or trough C, of the following tUinensioiiB : — breadth above, 28 in.; ditto Indow, 21 in.; depth, 
1C in.; length, l.’j in. At the hottoin of this Ikix. there are a few wooden rolltTs, under and over 
which the cloth luis to pass, ns well as a steam pipe, for heating the scouring liquor. The bowls 
are arranged to be driven in either direelion, in order to roll or unroll the cloth on either bowl. 
Tlio beamed pieces for scouring rest on ih(‘ bracket 1), and, aft(‘r passing through the liquor, they 
arc re-b<‘amed on the hiose bt'aming roller which rests on the inclined supports at E, and against 
tlie roller A. The pieces are singed by plate or by gas, before scouring ;. they are beamed on 
rolh^rs, about tlftccn pieces of 30 yds. on a roller. 

The following is the process for blea<diing muslin-de-laino with cotton warp ; it consists of three 
passages tlirough soap and soda liquors, sulphuring, mangling, and drying on steam cylinders or in 
tlie drying shod. The e(*tton wiirp threads will have been blcaclied before weaving, so that the 
present bleaching has rtdercncA! only to the woollen weft. The first machine ia set, when com- 
mencing, with 2 lb. soup, and G lb. soda ; but gf uerally it is twd with the old soda liquor from the 
third inachiiu'. sometimes with half of this oM soda, liquor and half of the soap liquor from the 
Bt^ooud machine. 'J’he pieces ruu through at a temperature of 00*^ (140” F.). Throe sets of fifteen 
pieces each are scoured before letting oil' the li(|uor. The pieces arc beamed on the top lx)wl, and 
the lieam is tninsferred to the next imieliine. 

The second machine is sot for the first fifteen pieces with 1 lb. soap and 3 lb. soda. The pieces 
from tlic first imichinc ure run into this second liquor at 71° (100° F.), and are beamed on tlie 
loose rolb r. To the two following sets, lb. soap is added. 

Tbo third muchino is set with 2 lb. soap for two sots of fifteen pieces each. Temperature, 71° 
(ICO” F.). The beamed pieo(\8 ore then taken to the suliihuring stove. 

The aimed at in the above process is the complete I'xhanstion of the scouring effect of the 
luiuors. At the siune time, the cloth on leaving the third machine should be fully scoured, and without 
a trace of grease ; the operation may l>e considered well performed when a trace of soap remains in the 
cloth at this stage. It may also bo remarked that the greatt st care should bo taken to prevent the 
piect^s from crimping or creasing, as these defects cannot removed, owing to the fibres becoming 
broken. The pieces arc rapidly stitched together, by means of thin iron wire. The seqond and 
third machine have a small roller in front, to diminish tlie tension of the doth, and hinder its run- 
ning up in breadtl). 
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Cloth Sulphuring , — The cooled pieces are rtm through Thom’s c i Iphuring stove, Fig. 878. This 
stove consists^of a oliamber about 6 ft. long, by 5^ ft. wide, built with a double brick wall, and 
it>ofed with sheet lead; heigJjt of walls, 5 ft. ; elrvation of lead roof, 1.5 in. Bight under the roof, 
ftnd fastened to it, is a serpentine steam pi[>o f in. diamoter, wliich boats Ibo top and inside of the 
chainbor, thus preventing condensation or the formation of drops. The sulphur is burnt outside 



the chamber, in a small funmeo adjoining one of the side walls of the stove. Tli rough an aperture 
in this wall, the sulphur fumes enter a small canal (inside; ilic stovi), wliioh is covered with 
perforated tiles, so that the fumes may be equally dilfiised in the stove. On the top and just in tho 
middle of tlu; h ad roof, is a l-inch load j>ii>e conneetod witli tlie chimiKiy of tin; woiks, for regu- 
lating the draught necessary for tlie combustion of flu; sulpJiur, and for loading its funies into the 
stove. A wooden frame, witli rollers at toj) and bottom, is fixed in llio stove; tlic pioeos, in open 
width, are run in over these rollers and hsl out on the opposite side, the stove being eo?apl(;tely filled 
with snlphiirons acid gas. It Is preferable to lead them back over rollers, so that Ihey nmy come out 
at tho same slit by which they entmed, and be beametl at once. The spact; la^tween llie two walls 
ill front is connected witli tho chimney, eial servos to loud away the gas carried out by tho 


pieces. 

After beaming, the pieces are run through again. Twenty-four muslinde-laino pieces of 110 yds. 
each c.an be run twici; through this macliino in one hour. The quantity of suliihiir used is nearly 
the same as in the chambers for yarn, or about 7 lb. gulphur for sixty jiieces of IhJ yds. each. 

Mangling or rincing in cold water. — Three bowls, a brass one in tho centre, and two of wood, 
with levers, weights, &c., form tho mangling machine. The bottom bowl is jilaced in a box or trough, 
filled with water. The sulphured pieces are run open through tiio water box, then hotw'ccn tho 
bowls, and, before receiving tlu; top nip, are pas.scd under a cfuitiriuoiis jet of pure water. They 
are beamed on this machine, and dried on the steam cylinder dr}ing machine. 

Jikaching muslin-de4(wu% all wool . — For tliis jiuriiose, tho same macliino.s may be used; but, as a 
rule, less strain, leas soda, and lower temperature are required. 

First Machine: 3 lb, soap, 1 lb. carbonate of soda, or the old soap bath with an addition of | lb. 
soda. Temp. 4^ (120'^ F.). 

Second Machine : 5 lb. soap for tho first roll of sixteA-n pieces, and I lb. soap is added for each 
sixteen pieces following. Temp. (>5*^ (150^ F.). French all wool pieces are about 80 yds. in length ; 
in this case, only eight pieces are put on a roll. Tho liquor is renewed after six rolls, or forty-eight 
pieces of 80 yds. each. 

Third Machine: 2 lb. soap. Temp. 60*^ (140° F.), The pieces are beamed, well stn tohed, both 
in length and breadth, on the rollers, and left to cool. 

Fourth Machine; 2 lb. soap. Temp. 49° (120° F.). Tlio liquor is run off and a fifth passage 
is given in water at 43° (1 10° F.). The pieces are left to cool again on the rollers, then sulphured 
twice, rinced in cold water through the mangling machine, and dried. They are singed, either on 
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platG or by gas, proTiona to Boouring. Pine goods, or those to be dyed in light, delicate ahades, are 
only singed after having been treated with soup and aoda. Flannels generally require stronger soda 
baths, since they contain more oil, ^ 

Fig. 379 represents another kind of woollen cloth scouring machine, called a “ dolly,” suitable 
only for certain kinds of woollen goods, o.g. flannels, merinos, &c., the creasing of which during scour- 
ing is of little consequence. It consists of two 
wooden bowls A and B, set over a wooden 
box C, 5 to 6 ft. deep, 4 ft. broad, and ft. long, 
divided, by perforated wooden boards, into four 
compartments. Eacli division holds eight 
pieces of 50 yds. each, and weighing 20 to 30 
lb. ; they are all stitcljed together end to end, 

80 tts to form one endless Imnd. This band, 
guided by the rollers 1) E,iH drawn by the two 
8(piet‘zing bowls in the diroetiou indicated by 
the arrows. When tlic sconitng is finished, 
aij ond is loosened and led between the Irae* 
tion rollers F, in order to draw tlie ]>iecOH out 
of the maehino. The box 0 is tilled with a 
mixed solution of soup and soda, ho as to f«)rm 
a good lather, nay 2 Ih. soda to 1 lb. soap. 

The piec<‘H are run from fifteen to twenty 
minuti'H, then taken out, and washed in cold 
water in a similar ]na<?liine; afterwards they 
are HC0ure<l again for (iftoeii to twenty minut(‘.s 
in a go^ul solution of soap only, tluii wa.shed, 
hy<lro-extruct(!d or mangled, sulphured, and wa.slujd. Th(^ nundxir of Bcouringa and sulpluirings 
doptmds greatly upon tlu' (piality of the material, and upim ilie degree of whiteness nquired. 

Uonds which have to remain white arobbu'd. by being run through a })ad(ling mad line containing 
1 gall. lK»iling soap solution (1 lb. 8oa]> per gallon of water), 9 galls, water, to 2 pints indigo blue 
pulp (preeipitati'd from a blue vat). Tin* soap i.s required to keej) the blue in snspen-sion ; with 
less than tln^ <inantity given, Iho bliudng might ho unevim. 4'lie blmung process precedes the sub 
phuring. “All wool” guods require. aUait half tla^ givmi quantity of indigo blue pulp; they are 
uometimes blued by using a w<'ak aqueous solution fd indigo e.xiraci (.snltiudigotic. acid) after 
scouring, iuid, when suflleiejitly blued, are rinsed in cold waiter, to wash olf the blue adhering siqier- 
lic hilly. 

The method of lih'aching by burning siilpbur, a.s above (h'seribod, is knowui as “ gas bleacliing 
to distinguish it from “ liqnitl bleacliing,” in wbieh are employed a solution of sulphurous acid, 
or solutions of alkaline sulidiitos from wliieh the siilpliurous acid is expell(‘d by a mineral acid. 

(lood riMults may be o))tained by using a solution of bisulphite of soda, acidified with hydrochloric 
acid ; in this, the woollen gootls are steei)ed for several hours and then thoroughly washed. Laigo 
crystals of bisuljhiite are used, so that their solution and dec,oin])osition may take place gradually. 
A more rational method, howi've.r, is that in which tlus treatment with hydrochloric acid takes 
place in a siqiarato bath, whereby ilio sulj»lmron,i aei<l is gmierabsl within the fjlire, and, being 
in ilu' nasemd, state, acts more iK)Worfully upon the colouring matter of the wool. Liquid bleaching, 
when iirojH’rly done, gives a more jK'rimiiu'iit white than gas liloaeliing, as may be inferred from the 
remarks, which wdll presently bo made, on tlu^ theory of sulphurous acid bleaching. 

After Buliiliunng witli gas, the goods should he wushi d with a weak solution of carbonate of soda 
or ammonia; after a final sulphuring, esj)oeially if tliey contain cotton, witli water only; this is in 
onler hi removt> the small quantity of sulphuric acid gemimted in the fibres, and which would 
otherwise he liable to riauh'r the goods tender. The treatment with soda after sulphuring has, also, 
the efft'ot of reatxiring the suppleness of the wool, which the latter process has destroyed. 

The sulphurous acid acts, by combining with the insoluble colouring mutter fixed on the wool, 
to form an easily soluble compound, which, as it hapi>ens, is in itst lf almost colourless, but which 
must nevertheless be washed away if the white is to bo jicrmaneiit ; hence repeated treatments with 
«otla, softji, sulphuruns aidd, and water, suffice to olimhiuto every trace of , this colouring and colour- 
able matter. Hince the last trace of any colouring matter remaining would ueoeaaiirily bo preci- 
pihilotl by treatment with soda, and thus leave tlie wool with a yellowish hue, it will bo readily 
understood that the washing after the final sulphuring should be done with water only, if a pure 
wlfite is dosiroil. Imperfectly bleached woollen goods, from which the colourless compound of 
colouring matter witli snlphnrons acid has not been entirely removed by washing, become slightly 
yellow after lengthened cxiiosure to itir. 
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With respect to the quality of the water suitable for scouring woollen, the freer it is from lime 
and magnesiaifialts the better, especially when soap is employed, since in this case insoluble soajiS 
A formed, which cling with great tenacity to tlio fibre, and have an in jnrious effect on subse* 
quent dyeing processes. When an alkaline carbonate, or urine is employed, the bad effects are 
not 80 great, as, from the powdery nature of the precipitates produced, they are more readily 
removed by washing. 

Linen Bleaching.— The bleaching process to wliich linen is subjected has for its object the 
destruction and elimination from the pure cellulose of the linen fibre all its impurities, the priucipal 
of which are insoluble p<‘ctic matters, occurring to the extent of ^5 to .SO per cent 

Linen is bleached in the form of yarn, of thread, and of c' :>th. In the case of yarn, it is very 
usual to bleach it hut partially, for reasons to which reference will be made hereafter. TJiroad and 
cloth are generally bleached white. The operations of lijien blea(diiug are, on the whole, very 
similar to those of cotton bleaching ; hut the d(‘tails vary from the laitor in some points, and the 
whole process is very much more difficult and tedious, owing to the larger percentage of natural 
impurities which adhere witli great hmacity to the libre. The jirocess coin prises- boiling with 
dilute caustic or carbonated alkalies, washing, chomicking, souring, riibbiu,,, and “grassing,” or 
exposing. • 

Some of the machinery too, as used at the present time, differs fi'om that omployiHl in cx)tton 
bleaching. For yarn and thread, it is very usual to have the false hottorn of the bleacliirig kior, or 
pot, movable and attached by ropes to a crane, so that after draining away the liquor, the whole 
pottui of hanks can bo lifted out at once. For washing, Gantert’s nmchiiio is well adapted. For 
expressing tlie water after washing, either the hydro-extractor or the squet'zers are used, preferably 
the latter. These squeezers are made somewhat differently from tlioae alreaily described, and are 
•shown in Fig. 380. They are provided with endless bonds or aprons, on each side of the bowls, for 
entering and taking off the yarn, winch is placed upon the entering band in n thick layer, the 
iiauks ovorlai>ping each other. The levers, &c., arc arranged so as to give tin. bowls considerable 
play up and down. 



The ohemioking machine, seen in Fig. 381, consists of a large stone cistern, about 15 to 25 ft. 
long, 5 to G ft. wlilo, and 3 ft. d(;op, provided with a framewwk holding twenty^or more square rods, 
on which the hanks of yam or thread are hung, their lower ends dijipiug into tlie bleaching powder 
solution. The reels are driven by a series of bevel wlicels placed along one side of tlio cistern, 
and having reversible gearing. Each reel rests loosely in its bearings, and <*aii be remlily detached 
while the machine is in motion. When ncceswiry, c. g. at the end of the ojxTation, the framework 
and all the reels can be raised out of the liquor at once, by means of chains attaclnd to the four 
corners of the frame. With this machine, a whole kierful of yarn or thread is chomicked at once 
and with great equality ; it is generally run for from one to three hours, and, during the whole of 
that time, each portion of the hanks is successively exposed to the action of the liquor and of the air# 
The machines for souring are identical with those uskxI for cotton yarn. 

With regard to the machines in use for linen cloth bleaching, it may be remarked that the wash- 
ing machines, as described under “ madder bleaching/* have not been found at all adapted for linen, 
since the latter does not possess the elasticity of cotton (probably owiiig to the a}>scnoe of the spiml 
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charaot^W of the fibres), and the goods are liable to be “cracked ** or torn, especially at the selvages, 
by a slight increase of tension. Many classes of goods, too, e. g. towelling, are ofcvery uneven 
thickness, owing to the divisions between each towel (i. e. the josp forming the fringe), containilfe 
only warp threads, thus differing very much from the woven central portion. This inequality 
alone would make the cotton washing machines quite inapplicable, since such goods would readily 



be torn. I'ho imictiiucs in goiuT.il iisi^ arc the wash stocks, identical in construction with those 
doHcribed in tluj bleaching of cotton bunk yarn. For many qualities of goods, it is inoro than likely, 
howeviu*, that snccess would attend ttio adoption of slack washing machines, similar to those in 
use with calico printers. In tho.so machines, tlio washing trough is divided, by wooden spars or by 
perforated j dates, into compartments, oorre^sponding to the numlx'r of nips receivcjd by the cloth, so 
that each compartment can hold several yards of slack cloth before it is drawn again between the 
squeezing rolloj s. 

Tlic chemioking and souring of limm cloth consists, as a rule, in merely steeping the goods in stone 
cisterns containing the liquors, and tlnui lilting them, after nine hours, on to drainers placed over a 
portion of the cistern. A })reforal>lo method, how(‘ver, is to use pumps, and cisterns with false 
bottouiH and wells k^low, as montioned in “ market bleaching,” so that the solutions can bo circu]a,ted 
through the goods, and a more even action of tho reagents ho obtained. A more recent and approved 
plan is to use a machine similar to the slack ashing machines just referred to, with a continuous 
flow of li(]UPr, ns tlescrilKMl in “madder hloaching.” 

A Bjieeial featunJ in limm cloth bleaching estuldihliments is tho “ rubbing machine,'^ a repre- 
sentation of wliieh is given in Fig. 1182. Jt <*onsistH of a ])air of heavy wooden boards A B, about 
2 to yds. long, 1 ft. broad, and II in. thick, resting on ouch other, and one of which is moved 
lengtliwise 1o and fro, by means of a craidc shaft 1), while the pierces arc led laterally between 
them. Wliiao tin' pieces pass l)elween tlie boards at c, are lixed pot-eyos, and the boards liavo tlieir 
rubbing siirfuees corrugated in ord«'r to incjeaHo tho friction. 

By the term “ grashing,” or cxp<»8ing, is understood the spreading of tho goods in a field to 
fiuhject them to ilie ii\lluoncos of air, light, and moisture. Thi.s is a characleristic of the present 
general midhod of linen bleaching ; lu’actieal expe.iieuco has proved that it Oiaimot conveniently be 
dispensed with. 

Tho following is a 

IVIodkun Iiuaii PiiocKss fob 3000 lb. Bbown Linen. 

1. Lime: 250 lb. lime. 

2. Limt'. boil : 14 hours, low i)reHSuro, 3 to 8 lb. ; wash 40 minutes in stoclcs. 

3. Sour: h>'dro<’hloric acid Tw., stoop 2 to 0 hours; wash 40 minutes in stocks, “turn 

hank,*’ and wash 30 minutes in stocks. 

4. Loylwils; 1st. 00 lb. canstic soda (soliil); 00 lb. resin; previously boiled and dissolved 

together iu water; 400 galls, of water; boil 8 to 10 hours, run off liquor 
and add ’ 

2ml. 30 11), caustic soda (solid), dissolveil ; 400 galls, water, boil 6 to 7 hours. 
Wash 40 minutes in stocks. 

5. Exi)OSe in field, 2 to 7 days, according to the weather. 

C. Ohemick : chloride of lime si)lution, 4^ Tw., steep 4 t^) 6 hours ; wash 40 minutes in stocks. 

7. 6our: sulphuric atiid 1"' Tw., stcop 2 to 3 hours ; wash 40 minutes in stocks. 

8. Leyboil or “scald’*: 8rd. 15 to 25 lb. <,'au.ntic soda (solid), dissolved ; 400 galls, water ; Iwil 

4 to 5 lumrs. Wash 40 minutes in stocks. 
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9. Expose in field, 2 to 4 days. 

10. Chemlkk : chloride of lime solution Tw., steep 8 to 5 hours. Wash 40 minutes in stocks. 
The goods are examined at this stage ; those which are ready are soured and washed, and those 

which are not perfectly white are taken to the next stage of the process. 

11 . Kub with rubbing boards and a good solution of soft-soap. • 

12. Expose in field, 2 to 4 days. 

13. Chemick : chloride of lime solution Tw., steep 2 to 4 hours. Wash 40 minutes in stocks. 

14. Sour : sulphuric acid 1” Tw., stoop 2 to 3 hours. Wash 4v minutes in stocks. 

The above process is suitable for all those gooils, e. g. lawns, shirtings, handkerchiefs, which aro 
made of brown yam (i. e. linen ymn wliich has had no previous bleaching), and which never con- 
tain coloured yarns. 14 is, however, customary, as has boon said, to bleach linen yarn, before it is 



woven, to varioins degrees of whiteness, which have special technical nanics, c. g. exposed duck, 
house duck, cream shade, &c. This preparatory bleach is specially ttdvantag(‘ 0 U 8 for thick heavy 
goods, and such as have coloured borders, figures, &c., since, in tliis ease, a milder blench may 
be given, and there is a ])eticr chanctj of presorving tlio bloom of tlio interwoven colours. Buch 
semi-bleaohed yarn is, for example, used for table linen, towelling (damasks, dia[)cr8, hucka- 
backs), &c. 

For these goods, the following process is sufficient : — 

Modern Irish Frocicss for 3000 lb. Cream Linen. 

1. Limo: 160 lb. lime. 

2. Lime boil : 10 to 12 hours, low prc3.sure, 3 to 8 Ih. ; wanli 40 minutes in stocks. 

3. Sour; hydrochloric acid, 2.J® Tw., steep 2 to 4 hours ; wash 40 minutes iu stocks; *‘tura 

hank,” and wash 30 minutes in stocks. 

4. lucyboil : Ist. 200 lb. soda ash and 60 lb. resin, previously bf.)iled and dissolved together 

in water ; 400 galls, of water ; boil 6 to 7 hours ; wash 40 minutes in stocks. 

5. Expose in field, 2 to 7 days, according to weather. 

6. Chemick : chloride of lime solution Tw., steep 3 to 4 hours; wash 40 minutes in stocks. 

7. Sour: sulphuric acid 1° Tw., steep 2 to 3 hours; wash 40 ndnutes in stocks. 

8. LeyboU, or “scald”: 2nd. 400 lb. soda ash, 400 galls, water, boil 4 hours; wash 40 . 

minutes iu stocks. 

9. Eub with rubbing machine and good solution of soft-soap. 
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10. Expose in Held, 2 to 4 da^'s. 

1 1. Chemiok : chloride of lime solution Tw., steep 3 to 4 hours j wash 40 mlntftee In stocks. 

12. Sour ; sulpburic acid 1® Tw., steep 2 to 3 hours ; wash 40 minutes in stocks. • 

It is possible to bleach some goods without limeing, and, when it can be avoided, they are much 

softer. What is kn#wn as “brown hollund” is a plain woven linen cloth which has had little or 
no bleaching, but only a slight boiling in water, or a weak soda-ash solution, with, perhaps, a little 
souring. It therefore has the nutnral colour of the linen fibre. 

During the limoboil, a portion of the brown colouring matter (pectio acid) is dissolved. Dr. 
Kolb finds that foreviiry Inindred parti^ so dissolved, 48 parts of lime ent(3r into solution. The same 
precautions as are mcutiouiMl under “ madder bleach ’* must be even more rigorously attended to here. 

The boiling with alkali removes still more of the poetic acid, also the fatty and greenish matters 
present. Carlwmato of sfida seoms to dissolve more of the greenish and less of the fatty matter, 
lioncc lim n yarns boiled with soda ash are somewhat softer than those treated with caustic soda. 

After the loyV>oilH, the goods should never bo allowed to lie exposed to the air too long before 
wasldng, otherwise they are apt to be hindered in plac(‘s, by the crystallization of carbonate of soda 
within the fibres, which are“cut or burst during ibc formation of the crystals. 

• The loss in weight hy the iKulings with lime, and caustic (or carbonate of) soda varies from 15 to 
36 per cent., according to the origin and previous tr(;atment of the yarn. Unbleached yarn boiled with 
water alone for a week, under n liressurci of 75 lb., loses alK)ut 18 per cent. In all tliese cases, the 
insoluble pwitic acid is clmngi^d into solubhi metapcclic acid, which combines with the alkali, driving 
off tlie carbonic acid when soda usli is used (Kolb). 

After a number of snceortHiv(> l«»i!ings with alkali, Ihe brownish colour of the fibre disappears, 
and the go<')ds only retain a pale grey shade, which varies in hue according to the process of retting 
employed. In this casi^, the pcictic mathTs have boon thoroughly discharged, and the remaining 
grey colouring matter is readily bleached, by steeping in a weak solution of chloride of lime, without 
injury to the fibre. The brown pectio matters are only bleached with great difficulty, and even 
then only by using a cbemick solution of such a Htrengih that tlie fibre itself is attacked; hence 
this agent rnnsl never la* relied on, iu ih<' earlier stages of the process, to remove the brownish colour 
of the fibre ; and, since senrec ly mon* than 10 per c('ni. of tlie poetic matters are ever removed in 
practice hy a singhi hylxiil, it is only by rej)eatcd tieatments with alkali that the whole of these 
matters are ediminated. 

The great excess of pc etic matters prevents the “chemiek’^ from decolorizing the whole of the 
grey matters at oiu' ojuTation ; Imnce the necessity for alternating the alkaline boilings with more 
and more dilnto cblorido of lim<' troatmeuts. If the “cbemick’^ is used at too early a stage, tlie 
brown colour becomes fixed or “set,” and can then only bo removed with the greatest difficulty, if 
at all. 

The quaiitity of “chemick ” urhI in practici^ for linen is always greater than that required for 
cotton ; but its use is nevertheless rcHtiict<‘d, and alternatt'd w ith exjiosure in the field. Tiiis plan 
is adopted frean the fact that linen, although mechanically much stronger than cotton, does 
not jK)H8esH an cipial resistance to chemical decomposition. For the same reason, the nocesbity for 
Washing well Ix twecn clunuU-king and scairing, and after souring, cannot bo ioo strongly recom- 
mended, in order to avoid the evolution of chlorine gas within the fibre. Frolongi d contact, too, 
with hydrochloric acid ('ven at 2^’ T\v. luis a weakening action on the fibi'o. 

The ohjiM't of the rubbing, which is so c.ssential for many qualities of goods, is to remove small 
specks of j)rowniHh rnalliT called ‘*Hj)rits,” whicli may appear liere and there throughout the piece. 
Tho ‘‘turn-hanking'’ rcferr(‘d to in the above processes consists in loosening and refolding the 
pieces so that (wory part may bc' exjjOHcd to tlio action of tho hammers of the wash stocks, and tho 
operation is introduced at various stages of the bleaching process, according to the appearance of 
the goods. 

In order to see if the bh ach has been successful and complete, a good test is to dip a sample of tho 
gocxls in a weak solution of ammonia ; widl bleached linen will not bo affected by it, whereas such 
goods as are white, but still contain poetic matters, will be tinged yellow, and will always be 
liable to becomi' so if stoned for a lengthened period. 

The usual period required for bleaching brown linen is from three to six weeks, though it is 
quite poRsihlo to bh*aoh many classi's of gwds in much less time. 

Silk Bleaching. — Silk is bleached either as yarn < 0 * as woven material, tho operations on tho 
whole lieing very similar to those of Wwlleii bleaching. One of the great centres of the silk dyeing 
and bleaching industry is Lyons. Following is a resume of what M. Marins Moyret, of Lyons, 
says on the subject, in his oxctdlent ‘ Traitc de la Tointiire dos Soies.* 

BUk^yam JUtMchituf , — The first operation is that of “ seouring,” which can be performed indifferent 
W'ays and with diffci-ent sulmtunces, e, g. with weak caustic alkalies, alkaline carbonates, soap, or 
acids. The obji^ot of this scouring is to remove, to a certain extent, from the raw silk, some of its 
envelojH) of glutiuous mutters, in order to render it lustrous, soft, and supple, and fit for being dyod. 
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^ Soonring with weak Caustic Alkalies. — These, viz. caustic potash and soda (caustic anunonia has 
no action), ajU the most active, but; at the same time, the most dangerous, to employ, since with pro* 
longed action, especially in the cose of fine silks, the fibre itself is attacked. 1’bey are used, how- 
ever, and with success too, for scouring the coarser and fancy kinds of silk. The hanks of silk are 
hung on sticks, and worked in a tub containing the scouring liquor, as described under woollen yarn 
scouring. For 100 lb. silk, a solution of 3 to 4 lb. solid caustic alkali in about 800 galls, water 
heated to 60° (140° F.) is used, and the yarn is turned during half an hour. It is then well 
washed and beaten. This plan is advantageous for coarse fancy silks, since it dissolves off the 
fine down of tbo fibres. For these qualities, the total loss in scouring is 10 to 32 per cent, of the 
weight of raw silk. 

during with Alkaline Carbonates.— This nwithod, still used in Ohiiia, has. notwithstanding its 
economy, almost entirely disappeared from European cptabli^liments, on account of certain practical 
difficulties. The silk yarn is worked for from one to one and a half hour, in a bath hf'ated to 85° 
(185° F.), cx)ntammg for 100 lb. silk, 10 to 12 lb. boda crystals. At first, the silk swells up and 
becomes gelatinous, then the) outer envelope dissolves off; the fibre thereby becomes fint^r and more 
lustrous. It is sufficiently scoured when it produces a rustling noise on being nibbed with the nail; 
it is then w^ashed two or three times with tepid water. The loss varie.s from 18 to 28 per cant. 
Besides the delicacy of this metliod, it is inconvenient not to bo able to boil the silk without great 
risk, while experience lias shown that boiling will give in many rospeois a bettor article, 

Scouring with Soap. — This is pre-eminently the best method, since it preserves and oven increases 
the valued properties of silk, sueli as feel, brilliancy, &c. ; tln^ soap used, however, should always bo 
of the best quality. In the north (>f Europe, toft potash soaps, gom rally mode from linse©<l od, are 
, used; in the soutii, bnrd soila soap.s made from olive and other oils are preferred. Of late years, 
soap made from oleic acid has ban more and more t mployed. Tlio.so soaps are to be preferred 
which wash off best and leave an agreeable odour. In general, tl.oso made from oleic acid and lin- 
seed oil wash ofi' best; thou follow the soaps made from olive oil, suet, &c, (containing stearic and 
niargaric acids); last, and worst in this respect, eome.s jialm-oil souj), which, on this account, has 
been almost entirely given np, notwitli.standiug its agreeable odour. For scouring silks which are 
to 1)0 subso<iuently dyed, oleic acid soap maybe recommended; but for those destined to remain 
white, a good olive-oil soap is best. In the latter case, two op<iratioTis are necessary, “ ungura- 
ining ” (tle(/ 07 nm(«je), and “ l)oiling.’’ For “ ungumining,” a boiling solution of 33 lb. somJ) to 100 lb, 
silk is used, the yarn being worked in this, from a half to throo-qiiartijrs of an hour. Previous to 
placing the silk in this ))utli, lif)wevor, it should bo sottc'ued in a weak solution of so<la cnystals, or 
better still, of bydrocliloric acid, and should be wushrd. For “boiling,” the same' bath may bo 
used (if not too strongly ebargod with silk-glue), o.veept for the pure.st whiles, or when tlio rujiV 
silk is colourc<l ; in these euse.s, a fiob bath is imperative. Tiioyarn is lifted from tbo ungninming 
bath, and allowed to drain ; tin banks are tleui wrung, sewn up in eoarso hempen bags or “ pockets,” 
and boiled, during two to tlirei* hours, with a solutiwn of 17 lb. M)a}) per 100 lb. silk. Thu yarn 
is then rinsed in a weak, tepid solution of soda crystabs, to avoid tlio j)re(’ipitfition of any fatty 
eompounds on the silk, afb r which it is rins(‘<l in cold water. I’or Japanese and Chincso silks, 
the loss may vary from 18 to 22 per cent. ; for Europoaii silks, 25 to 27 j)er e('nt. 

Scouring with Acids. — M. ISloyret finds that an aqueous solution containing 5 jx'r cent, of 
phosphoric or arsenic acid, has an action similar to that of the weak alkalies. Silk, itroviuusly 
moistened with dilute tepid iiydroehlorio acid to free it from lime, is ungummed, after Ixjiling for 
three hours in the pockets with the above solutions. The jirocoss, liowcjver, lias not been adopted, 
owing to the fact that the silk is not reuderctl so white, and is not so capable of being properly 
weighted afterwards. 

ram lileachiiu] mid Tintinej. — Aftor fle/)uring, the yarn is opened out, to bo hung on sticks, 
and worked in a bath containing 10 lb. soap per 100 lb. silk, at a teinj)eraiuro of 49°~60° 
(120°-140° F.); it is then drained and straightcntul out, ready for being Hijl|iliiirod. Tlie total 
amount of good olive-oil soap requireil to scour silk for white, varies from 50 to 00 per cent, of tho 
weight of the latter in tho raw state. 

Sulphuring. — For this purpose, the hanks, while still damp and well straightened out, are hung 
in the sulphur chamber (which is of the same construction as that deHcrilx<<l under Woollen 
bleaching), and are tlicre exposed to tho fumes of burning Hul])hur for five to six hours, or even 
over night. Afterwards, tlie silk is well rinsed in a weak tepid solution of soda crystals, in order 
to wash out the sulphurous and sulphuric acids absorbed by tho fibrt). To ensure the thorough 
expulsion of the former, it is customary to hang the rinsed hanks, after wringing out tho water, in 
a stove heated to 29°-38° (So'^-lOO'^ F,). AVith reference to the bleaching of silk by sulpliurous add, 

M. MoyreFs opinion seems to be tliat probably it does not act directly in de.stroying Ibe colouring 
matter of the fibre ; but tliat along with the formation of sulphuric acid tJiere is also a production 
of ozone, to tlie bleaching properties of W'hicli reference has lxJ 0 *n ma<ie in Ootton bleachij»g 

Tinting. — This operation is necessary to hide the iaini yellow hue which the silk still retains. 
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Unlike the analogous operation in uso with cotton and woc»l, the question here is not always one of 0 , 
simple blueing; to suit the tastes of the merchants, the silk is actually dyed in various delicate 
shades, e. g. milk white, snow white (pure wliite), azure white (blueisb white), Chinese white 
(orange, yellowish and purplisli whiles). To obtain pure white, a very weak neutral batli of nmmonia- 
cal cochineal and indigo carmine is used, care being taken that the dye should not too rapidly fix 
ibclf on the fibre ; to prevent this, a liUl<5 ground chalk is added to the bath. A cold or slightly 
tepid 8(dution of UTiiliiu^ violet, with addition of a little soap, is also very much used for this shade. 
To obtain ClurirBC white, a weak soapy solution of annotto may be en)ployed. After tinting, the 
silk is rinsed in fresh water and dried in a mod(?rai(‘ly warm stove, admitting as little light as 
poHsihle. A passing reference most liero be made to the w'ild or Tussah silk, which it is not 
poasihle to blcaeh in the ordinary way ; the process of Tessic du Mothay, however, already 
deserilMwl, yii Ms very fair results. 

and Jiliuichui;} Wonen Silk. — Before scouring, the goods are singed with the gas flame 
(see ( 'otton bleaching). The scouring machine consists simply of a winch set over a wooden box or 
tub. Ah with the silk yarn, so here, there aw. two oj»eraiionH, “ iingumming” and “boiling,” 
both of which can he, done with the sauK! nuichino. For ungnmming, the, piece is simply winched 
ha^kwairds at»(l forwards, for uhoui an hour, in an old boiling liquor at 100^' (212'^ F.). After 
winding the mi to the winch and allowing it to drij), the liqu()r is run olT and the tub is 

relillcd witli fresh Inpior, contniniiig^ III) to 40 por rent, of white sonp, and heated to incipient 
boiling. ^Idio piece is then unwound, and again winched backwards and forwards for about two 
hours; it is tlien lewouud on to the witudi, and allowed to diip lor half an hour, when it is ready 
to ho rinsed for dy('ing in dark >hfi<k's, or to he blcach( 1 for pale or white shades. Sometimes, in 
order to savi' time, the boiling i,s done in pockets as in (ho case of silk yarn. For rinsing, the winch 
with tlie. silk wound on it is tnuiHfcrn‘d to anotln r tub Ciintaining a weak solution of soda crystals? 
when^ it is unwound and winched for a quarter of an hour, after wliidi it is removed to bo 
sti earned in running water, ami beaten, till thoroughly clean ami ready hir dyeing. If for sulphuring, 
a frt'sh Wi'ak soa]) hath heahd to 49' (120'' F.) is givmi, instead of rinsing; and, after draining, 
the ph'ces are hung iu tlu* suljiliur stove,. According to the degree of purity of white r(>qnirc(l, 
this soaping and sulyliuriiig is re]>eatod several times. J. J, 11, 

BOGWOOD. 

Det'ply Imiicd in tln^ pemt hog.s of Tndaml, hav(‘ been found the relies of primeval forests; 
specimens of oak, fir, deal, and n«'W liavi' been dug up at iniervahs and used by the peasants for 
firing and other domestic, purpo.si's. 'J’lic oak thus iotiml is as black and as hard as ebony, and 
posH(^sscH coUH!d< rahle value as au artielo of turnery. 'I'hat Ix'st suited for carving is brought from 
th(' connii(‘H ori\I('nth, 'fipperary, Kcirv, and Donegal. A load of it us disinterred co.sts only about 
:10«. : hut a <H)Usitleral)le portion of it is uiilitted for curving, by the jiresmico of flaws and splits. 

It is first out into suitahh' pieces, and is llicn worked 011 the end of tlic 8(‘ction, or across the grain, 
and not on the length of the grain or idankwi.se. The process employed resembles that adopted 
in the case of ivory. Tho more exporii‘iic<>d workmen can carve designs without having any 
]>attern to work fioin, earning from 40b, to ,^)0 b. per week. The wagers of tho less expert vary from 
IOb. a wtH'k ujiwunls, wommi earning nearly u.s mmdi as men. The total number of persons 
employed in this imlmdry is snid to be over 200. Many of them work on the juemises of their 
employers, others at home. 

About lift< t'li years ago, a method of stumping tin* design in tho wood was devisiM ; this per- 
mitted the production of vmy lino eflcct.s, without incurring Iht! great cost of skilled band labour. 
According to this jdan, the ])iee(^ of woo<l, out to tho re(piire<l si/o, is placed on the top of tlu' die, 
which latter is heated by means of a hot plutt‘ of mcfnl on wliieli it stands. Over the wood, a 
sitnilar Iiot plate is laid; n[)(>n this a powerful screw pre.ss descends, and the wood receives tho 
impn'ssion of tho dies jis freely as wax, the bitutmm iu it })ro venting the fibre from cracking or 
crumbling. In this way, objects of exquisite delicacy and very high relief (almost to the height of 
1 in.) can bo produet'd in a few moments. The designs thus obUined by tho die are readily distin- 
guishable from thos(? wrought by the earvcFstwl ; they want tho extreme sharpness of the carving, 
but, on the other Imnd, they arc capable of showing more minute figuring and more elaborate 
details. The die s, seme of which are very beautiful in design, and all sharply cut, arc made in the 
cstahlisbmonts where the carved objects are produced. The d» signs are not conspicuous for great 
variety of conception ; tlu'y take the form principally of antique sculpture crosses in high relief, 
round towers, abbeys, antique hnxxshes, fibuUe, harps, shamrocks, and other national emblems, 
besides a multitude of articles used in tho boudoir and drawing room. 

There ar<» three or four dealers in such articles in Dublin, each of whom sells, perhaps, 5000/. 
worth jw Annum. 

The wckhI has been utilized ns* fuel, for centuries past; but its application to artistie pur]K>8e8 
dates only from George IV.'s visit to Ireland in 1821. ** 
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BOXfES. (Fb., Os ; Gbb,; Knoohen.) 

Bone ooniiflts of a dense cellular tissue of membranous matter known as periosteum^ rendered 
hard and stiff by incorporation with certain insoluble earthy salts, of which phosphate of lime 
is the most important. Bones form the solid framework or skeleton of the bodies of animals, 
enclosing and protecting the most vital parts from external injury, and themselves clothed 
with softer parts called flesh. They diff(>tr greatly in form and character, some being hollow 
and filled with marrow, while others are solid and contain no marrow. In composition, tliey 
exhibit equally wide diversity, especially with regard to the proportions of the two principal 
constitnents, viz. the organic (osseous curtilage or ossein) and tiie inorganic (earthy salts). Tho 
former, through which the nerves and bl<x>d-ve'^sclH find tht^'r way into tlie bone, is antecedent 
in growth to the latter, and is composed of modified gelatine. Tho earthy portion consists 
csHontially of phosphate of lirao, with carbonate of liuK and Kinull pri)|X)rtions of some other 
salts ; it is built up slowly and gradually during the whole lifetime of the animal, so that from 
tho relative oarthineas of tho hone, some idea may be formed of the ago oC the animal. On an 
average, it maybe said that the wtight of grfien bones is about equally divided hoi ween the organic 
and inorganic components, or, when dry, about 30 to 40 per cent, of the forme’’ to GO to 70 p( 3 r cent, 
of the latter. It has been observed that bird bones are more earthy thc^n animal bom's, *nd 
contain a greater percentage of carbonate of lime in proportion to the phosphah' of lime. Tho bones 
of amphibia, again, are less cartliy tlian those of mammalia ; in fish bones, the inorganic 
ingredients vary between 21 and ^7 per cent. The composition of fossil lK)nes depends, in a great 
measure, on the conditions under which they have been preserved, and much irregularity is to bo 
expected. SomotimcH the organhj matter is abundant, as in fish hones; in oilier eases, it is 
altogether ^\arltiDg. Caihonute of lime is usually more stiongly dt veloped, which may bo owing 
•to tho phosphate being in some degree converted by th'* infiltration of carl)oni(; acid or its salts. 

Tho economic ub('s of bones are manifold and important. In the first place, they contain a largo 
amount of nutritious food, vNdiieh may be extracted by continui'd boiling in water, or by “ digesting.** 
In treeless countries, such as T(X)laTid, Tartary, and tho rampnsof Sonlli America, they are commonly 
U8 (m 1 as fuel ; and among many savage tribes, they form tin; points of arrows and other weapons of 
war or the chase. But these are rather domc.^iie than industrial applications. 

Whether coming from the elaugbter-house or hatlb'-field in a*raw Ktute,orfrom the domestic kitchen 
after having undergone one or more cookings, bones always contain an amount of fat, whicli must 
be extracted as a preliminary to any other process needed to fit thorn for iladr various nsos. Tho 
elimiiuxtion of the grease is usually effected by subjecting tho bones to gentle ebullition, for alxoiit 
twenty-four hours, in wai(;r in large ojicn (aijqiers, and skimming off the fat as it lloats. All kinds of 
bones should not be boiled indiscriminately togi tber, both because tho Ixmos ihemsedves will bo 
devoted to different j)urposos, and l)eeauso tlu' quality of fat produe(?«l will likewise he various. Tho 
hollow bullocks’ shank-bones are gtaicrally boiled alone, yielding the ])rimost fat, wliich i.s sold to 
tli<! soa]>-makorH, and to the imuiufactima-s of “ bnUeiiiio ” and other curious conij.oundH w'itli which 
.Bcieiu'C provhlos our breakfast tables, at alxait lloa. to drw. |K>r cv t. Ordinary butchers’ bones are 
chopped into pieces about the size of tho sthdr.-^ composing the bundles of Txmdon firewood, and in 
such a manner with rt'gard to grain, &c., as will best ex])os(i tho fai-impregntited (a lls of the bone 
to the dissolving action of the hot w’att;r. The grease from these is less in quantity and inferior 
in quality to tho last Tuimod, and sells at 25s. to 35 a-. per cwt., tho price varyitjg with the more or 
less brown colour. Common house-bones yield still less fat, whose general <;haracter and price 
do not differ materially from those just mentioned. Horse bones contain so little fat as not to bo 
worth boiling for its extraction, and are cimiparatively useless fitr any puiqx’so siive manuring tho 
ground ; they are ouly iiidiffertmtly valuable in that sphere, as tho great percentage of lime they 
contain precludes their being tconomically treated with sul]>huric acid before aj)p beat ion to the soil. 
Fish lx)ne8 are usually pressed, to remove the valuable oil wlii<di is j)reMeiit in considerable amount, 
and are Ikon admini.storcd as a manure, w ithout any further preparation. 

One of the principal uses of bone is the manufacture <»f knife handles, toothbrushes, babies* gum- 
ririga, and a great variety of such small articles of turnery. Almo.st the only kinds of l>ono employed 
for this purjKxse are the shin and buttock Ixones of oxen and calves. They arc first boiled, as 
described alwve, to remove the fat, and this process rubs them, at the same time, of some of their bono 
cartilage, thus rendering them rather more brittle. Next they are bleached, by laying them in tho 
Bun, or by other means, and are saw n and turned into shape as required. When finislied, they are 
soaked in turpeiitine for one day, Ixfiled in water for alx^ut an hour, and then jiolisljod, first with 
glass paper, second with Trent sand or Flanders brick on a wet flannel, tliird with whiting on a 
damp woollen rag. Finally, a small quantity of wax is rubbed on quickly with the object of filling 
up tlie tiny pores of the bone, but very little must be allowed to remain on the article. O>mmon 
articlee, such as cheap tooth and nail brushes, are often polished, by simply using a litile slaked 
lime on a damp flannel or woollen rag. An excellent method of clewiing bones is to soak them for 
twenty-four hours in a solution of 1 lb. soda ash and J lb. calcined lime in three quarto of hot water, 
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then wash thorn thoroughly and put them to bleach. Bone shavings, scrapings, and sawdnst are 
in considerable request among pastrycooks and others, for making jelly. • 

In some Ijone-producing countries, notably South America, whence enormous quantities of bones 
arc importetl to tliis country and a few Continental ports, the bones aro commonly calcined in the 
open air before shipment, an opcjration which greatly reduces their bulk, by eliminating all the 
moisture they contain, and rendering them a friable mass. In this form, they are known as “ bone- 
ash,*^ and are consumed chiefly in the manufacture of high-class artificial Manures (which see), 
while about 4500 tons jxir annum are employed in the china manufactories of this country. Less 
important applications of the substance are for the making of cupels used in assaying, and for case- 
hardening small articles of stool. 

Another proti net derived from bones is ‘‘sal-ammoniac” or “chloride of ammonia.” This is 
produced )jy subjecting bones, which liuve previously been boiled to remove the fat, to a process of 
distillation in large retorts, by which is drawn off a vapour composed of carbonic acid, various 
hydrogen-carbon compounds, wati^r (steam) holding carbonate of ammonia in solution, and a peculiar 
oil which is c/)llccted separately and afterwards burnt in specially constructed lamps for the 
purj )080 of depositing “ lamp-black.” Towards the conclusion of the distillation process, chloride 
of •mmonia and stilphate of soda are formed ; the former is separated by sublimation, and the latter 
is dissolved in water and crystallized, The mass left in tlio retorts represents tlio earthy portions 
of the bone, blackenod by the csirhon of the organic matter and known as “ Ivory-black,” “ Bone- 
black,” or “Animal charcoal ” (wliich see). By exposing this last to an open fire, the carbon is 
consumed, and the boiu H fire rendered ahnost white. They arc then reduced to powder (bono-ash), 
and are used for cujx;! making, as a polishing powder for plate, &c., and by the phosphorus-iufjtch 
makers. 

The purlflcatiou of iiniiuonia salis from the waste of hone-gas and animal-charcoal works 
is rendered <lifil(?nU by tlie prcHonco of empyroumatic organic matters (Diifixde’s oil). The cost 
is much iiicreaHed by tins iicoesHiiy for re-snliliming the crude products, while the neutralization of 
the condensation waters with hydrochloric aciil creates a nuisance, by reason of the ammonia sulphido 
and cyanide prt.sent. Mr. .1. "V. Divis has elaborated a imfdo of purification, which he thinks may 
be UBtxl i'ven in sugMr-works making tli(‘ir own animal eliarcoal, 8 to 10 ])er cent, (according to the 
quality of the bones) of ammonia waU>r being olftaiiuiblo, containing 7 to 0 per cent, of actual ammonia, 
the yield of bone oil being 1 *7 to 2 per cent. Tin* jmuuonia wah'rs aro collected in old petroleum 
barrels and nllo^vtslto stand two <lays, when the floating oil is skimmed off. The waters are then 
gently heated and just neutralized witli hydrmdiloric aci<l, after Ixiing mixed with concontraiod 
solution of clilorid(^ of lime, to decomposti the carbonate of ammonia, without wliich there would bo 
a lihoratioii of gas. Carbonate of lime is abundantly deposited, and its precipitation clarities the 
liquor. After some hours, tin* clear liquid is decanted, and the sediment remaining forms a good 
manure. 'Idio chloride of lime must he slightly deficient — never in excess. The clear but yellowish 
decanted solution is lieatod to boiling in sluMd-iron tanks, which causes the rest of tlio impurities to 
B(»parale out, and admits of tlieir being skimmed off. The boiling liquid is tliou filtered through a 
mixture of wood cliarcoal, animal charcoal, and coke, in a double-bottomed cask. Finally, it is 
evaporated in sliallow pans, the vapours arising being forced through the ash-grates of the 
furniicea. The sal-ammouiac thus produced contains 1)5 ‘3 per cent, of true chloride of ammonia and 
4*2 per cent, of water. 

Bohiro detailing the imiiortant part playe<l by bones in Iho manufacture of gelatinous sub.stancGs, 
such as gelatine, size, it will be necessary to refer for a moment to their composition. After 
undergoing the pndiniinary fat-extracting operation, there remain tlio two essential constituents*— 
cartilage and liiiie-t'arths. And hero it miglit lw3 well to remark tliat the fat is not really a 
constitmmt of hone, hut an accessory, for varieties of hone exist identical in other respects, but 
quite free from groa.se. A jiortion of the cartilago is sure to he dissolved out of the bones while tliey 
are being boiled to removed th(^ fat, and in the large dyeing works at Manchester and other places, 
this is often utilized for making “size.” After removing the fat, the bone liquor is boiled down 
in another vessid till it is strong enough for stiffening the heavy gootls to which it is applied. 
When the sizo-liquor is too w^oak for further use, it still possesses a value as a fertilizer, and the 
exhausted Ik>ih*s tiro also Isnight up by the fariruTs and luanuro makers for a similar purpose. A 
modification uf this plan consists in crushing the bones, treating them with steam at high pressure, 
and adding to tlu* seiiii-gelatinous mass thus formed, a projwrtion of hydnxihloric acid (2 jxir cent.) 
and roboiliug. I'lio fat tluMi soiiarates and floats on the liquor, to be easily oollectod and purified, 
by iK'ing tn ated first with iHuling water and a very small quantity of caustic soda, and next with 
animal charcoal, and finally filtered. 

The oaseouB cartilage may l>© removed from bones, by 8U8[)ending thorn in a vessel with weak 
nitric or hydrooldorio acid (1 part acid to 9 imrta water) at (50° F.). The acid causes an effer- 
veaot noo, by acting on the carbonate of lime, and dissolves out the whole of that and the other 
earthy conslituonts without affecting the oarUlage, which, while retaining Urn ten of the bone. 
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Boon becomes soft and twnBlneent. It is then washed in tfwo or three changes of cold water, to 
remove all trices of acidity. It shrinks and darkens on drying, becoming hard and strong, but 
somewhat brittle, and losing none of itss transparency. It now forms gelatine. It has been 
proposed to obtain gelatine from bones, &c., by means of benzine and other hydro-carbons. Some- 
times it is found advisable to treat the material with lime before adding the hydro-oarlx)n, but only 
rarely. After the bones have remained for a considerable time under the influence of the hydro- 
carbon, the fatty matters are dissolved, and the pure gelatine is found at the bottom of the vessel. 
The two products are thus easily separated, in order to be treated in the usual way, and the hydro- 
carbons are recovered by evaporating with steam, and condensing. 

The following is r Gorman plan for preparing gelatine from bones. The bones are exposed 
to the sun and air for about six weeks, aud, in diy weather, are moistened several times daily 
with water. Quantities of 10 to 15 cwt. are put into vats and soaked with a solution of hydro- 
chloric acid at 4” (? Beaumt0» which is drawn off when saturated, and replaced by a fresh solution, 
repeating tjll the bones arc softened. These are washed in fresh water and placed for fourteen days 
in a solution containing a small amount of lime, tiicn taken out nnd thoroughly rownshed in fresh 
water, and laid out up^m largo plates to dry in the air. Tlio product at tliis otage is raw gelatine. 
About 300 lb. of this is laid in running water for twenty-four hours, wbicjh makes it soft and 
easily broken up : it is then left for several days exposed to the open air, after wliioh it is put into 
an immense kettle with 40 gallons of river water ; a fire is made, and it is slowly cooked, the mixture 
being stirred every half liour, and 4 oz. of alum added, which helps to liberate the fatty particles, 
and thus materijilly to purify the gelatine. After cooking for eight to ten hours, according to the 
slate of the mass (which may 1>6 tested by filtering some through a liuen cloth, from which it 
^should come clear aud free from all impurities), the whoh- is put into a vat eontaimng 3 gallons 
of fresh water acidiilalod with sulphuric acid. It is stiircd, two quarts of acetic acid are added, and 
the mass is left to stand for one hour, when it is again filtered through linen cloth and put into 
wooden vessels, where the mass gradually attains a solid state. Before becoming thoroughly hard, 
it is cut by machine into thin sheets and laid out to dry in an airy and dry spot under an awniOg. 
The very best brand of gelatine is said to bo made in this way. Slionld it bo desired to produce 
oolour(3d gelatine, the following imxlification is needed : On couiplotion of the last filtration 
through liuen cloth, a small quantity of gall is added, and then tiie required colouring matter. Tho 
most conimon colour is carmine, dissolved in aqua ammonia^ and stirred into the mass. Aniline 
colours may also be used. Tlie projxu’tious are generally 1 oz, of colouring matter to 4 lb. of 
liquid gelatine, the former being first tiioronghly cleaned by repeated straining through linen 
cloth, then added to the diluted gelatine, and the whole well mixed while warm afid ])ourod out on 
largo frames or sheets of glass placed in a cool, <lry, airy place. The slieets are taken off when dry, 
or just l)etbre if they ar(3 to be stanqx'd with j)atteriis. 

In the njethod of manufacture known ns Rice’s, tlio bones are placed in dilute phosj)horio acid, 
by which the earthy matters are dissolved and rmnoved tron- tho cartilage, wiiich latter can 
bo turned into gelatine by any ordinary process. The neid is recovered from tho earthy matter for 
re-use in the following way : — About iw(»-third8 or mon; of the sehition of acid phosphate of lime 
is submitted to the action of 8uli)hurous or sulphuric acid, wliich precipitates the lime ns sulphite 
or sulphate, either Ixiing easily removed, and leaving the acid or acid phosphnio (according to the 
amount of acid used) in an available condition for further use on fresh bones. By extracting the 
phosphates originally held in the bone, this process yields an actual surplus of phosphoric acid, 
so that it is claime<i that almost 50 per cent, can be gained on each treatment. The residues are 
used for manure. The cost of production is said to be greatly reduced by this plan. Phosphoric 
acid alone is found to lie best; but it may also bo used in conjunction with other acids, in such 
proportions that the mixture will dissolve and removi^ the earthy matters. 

Efforts have been made to obtain white gelatine from low products, and to whiten dark- 
coloured gelatines, such as those got us a secondary product in the manufaciuro of nuat’s-foot oil, 
and which sell with difficulty. One proposed way of surinouiiting tho difficulty consisted in 
digesting the raw material — hoofs, bones, <&c.— in water or superheated steam at a pressure of 
three atmospheres. After three hours’ digestion and half an hour allowed for settling, the strongly 
ammoukcal solution of gelatine is concentrated, the supernatant oil having Ixteri previously 
rei^oved. A dark, brittle gelatine was thus obtained, which it was tried io bleach, witliout sucoosa, 
by means of sulphurous acid or a sulphate in presence of hydrochloric acid. Tho duration of the 
digestion was then diminished, and, instead of drawing off all tho liquid at the end of three hours, 
it was drawn off tlireo times, from hour to hour. The solution was then supplied with some wocd 
charcoal mixed with 25 per cent, of animal charcoal, and after standing for twelve hours, was 
treated as above. The product was a gelatine of good quality, appearing yellow only in large 
naasses, tasteless, scentless, and fit for all purposes. Tho solution requires 4 per cent, of the 
eharcoal mixture. 

The principal use of gelatine is in the manufaoiure of varknis alimentary suhstanoes. It 
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lias proved very useful for taking casts of delicate and intricate objects, without showing seanad. 
Its use among dyers has already been noted. Recently a new demand has been Seated, by the 
diijcovery that gelatine, in presence of a salt of chromium, is rendered insoluble by the chemical 
action of light. Tlie most important application of so-called chromatized gelatine hitherto has 
been in the heliotyt>o process, whicli is virtually a new art of lithography. If paper coated with 
a solution of bichromate of potash and gelatine bo exposed to the light, the gelatinous film 
becomes to all intents and purposet-' a lithographic stone, from which an indefinite number of copies 
of photographic negatives may he taken. The compound is also used in a new process for 
rendoiing woven fahri^ s wator])r(K)f ; cotton and linen that liavo been soaked in a weak solution of 
gelatiiK} (or glue) and bicliromatc of potash bocoino waterproof on exposure to daylight, without 
being irnj)erviou8 to air. 

I’robably a larger (pinntiiy of bones is ai)plied to the fertilizalion of the soil than is consumed 
in alt the other ways together. They are applied raw, calcined, or dissolved in sulphuric acid. 
Hince the growth of Australian incat-pnjserving companies, a plan has been tried for reduci?)g the 
enormous bulk of hones, and their conHc(picntly heavy freight, between that country and this. The 
hom'H are crushed lino, and then mouhlid into cakes rcsombliiig flof)ring tiles, measuring about (> in. 
Sfpnire and 3 in. thick, and W' igliing about (i lb. each. They are sufiieiently adhe.sive to be handled 
fretOy, while tlmy are rajudly dissolved by water. A ton weight can be got into 29 cub. ft. 

'I’he price of Ijoues varies betwetm about 5/. and 8L jkt ton, accordiiig to cleanness, size, and 
fiitnes.e Ikme-ash sells at 71. to 8/. j>cr ton. 

'riie following aje. the latest ]>r(*ciir:ihle slatistics conc(‘rniiig the imports and exports of bones to 
and from (ho United Kingdom . - 

Imports. 




187 . 3 . 

1874 . 

1875 . 

1876 . 

1 1877 . 



Tons 

79,. 559 

92,158 

101,971 

95,048 

112,195 



Vhdue .. £ 

5.37,531 

(5.33,535 

704,715 

023,371 

741,899 



Of the ioiul ([lumtity iinporlcd in 1877, the projmriions (iji tons) used for manufacturing pnr- 
p 08 (^H other tlmn inanureH wen', from France, 1877 ; Urngiiay, 110(5; Brazil, 1033; Austrolia, 780; 
United Hlatos, 702; Holland, 120; Belgium, 252; (Icrmany, 157; other countries, 10G2. For 
mai)ur('s only (in tons), from (he Aigentim,' Bepuhlie, 3.3,217 ; Uniguuy, 15,090; Rubsiu, 14,235 ; 
Brazil, 7452; Franca*, (511(5; Italy, (538 8; Tiirlmy, 494 1 ; (Icrmany, 3227 ; Holland, 3177 ; United 
States, 2490; Spain, 2212; Dimmark, 2201 ; other couiitrie.s, ,3(j(5l. 

P.ii'} torts. 

The quanti lies of honoH exported from ilio United Kingdom in 1877 to all countries were, for 
imuiuracturing purposes, 2(5 tons, value, 292/. ; and for manure only, 22(5 tons, value, 14(59/. 

S(>e Blneks, Buttons, Celluloid, CeiuontH (Clue), Ivory, Manures, Pottery. 

Whalebone, or Baleen. (Fu., JUdrinr ; (lEa., Ft trine.) -In deference to popular misconcep- 
tion regarding this suhsianci', attrihutahle jMully to its unseiciititic name, it has been judgt'd advisable 
to introduce it hen*, <lespiie ilu* fact that it does not po.'.wess a single feature in common with bone, 
Tl»o m('tluKl of growth of tljo w hah'houe is a modification of the system of the rabbit s tooth or the 
elopluiut’H tusk ; it conhiiiis no hone whatever, but reaemhh‘8 ratlu^r a number hardened hairs, 
mrionted togeth(*r by a sort of gum, its (‘hemical compoMition, accoiding to Brando, being a bjisis 
of alhuiiion hard<'ne(l by a small jnoportiou of phosphate of lime. It forma a substitute for teeth 
in (U'rtHin apeeii's of whales, ('specially I ho Hala tut mi/sticetus (Greenland wdiale), and B. australis 
(Southoru whah'). 'I'hc very diminutive nature of the (creatures on wliieli these animals feed — 
Hcarcidy larger thun a common liouse-fiy — renders teoih unneca'.ssury, and requires a kind of sieve, 
in which the pr(*y may become entangled and crushed, and thus the interior of a whale’s mouth 
has the aivpeavance of Innug furnished with a forest of bristles. 

Tlie bah on is a depe nding growth from the sides of the upper jaw, and consists of a number of 
flat plates, or ‘*hlade.s,” as tlu'y are tt'chiiioully termed, separated by gum, and fringed with coarse 
hair to assist in s^'curing tlie food. The jK)sition of the kileon is shown in the accompanying illus- 
tratiouB. In Fig. 383, the mouth is represented open, as when the animal is feeding; A is the 
crown- l>onc wluuice ilu' l>aleen depends ; B the lower jnw ; C the balwn or whalebone. Fig. 384 
indicates the moiitU clo.*iod, and the bludos of bulocn packed away by tho action of the lower jaw. 
The nimd)er of blades on each side is commonly about 300. They arc longest in the middle, reaching 
a maximiun of 15 ft., but generally not exceoiling 12 or 13 ft. ; their breadth at the root is about 
10 or 12 ill,, and thickness, 0‘4 to 0-5 in. A full-grown Greenland whale yields about a ton of the 
substance. As imported from tlie Greenland seas, which are its chief souroo, it is gencmlly divided 
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into handy pieces of 10 or 12 blades each ; but sometimes the sailoi i have had time during the voyage 
to strip oflf eafh blade separately, and to divest it of its hairy fringes. Before cutting up the blades 
for use, they are cleaned and softened, by boiling for about two hours in long coppers, and are then 
fixed, while still hot, in the largo wooden vice of a carpenter’s bench, in a convenient position for 

384. 



being planed or sliavcid into the required strips by means of the tool bIiowd iii Fig. 3S5. It consists 
of two handles A D, an iron plate C D, witli a guide notch E, and a fiomicircular knife F, 
whicli is screwed firmly to oncli end of the iron plute, and adiusted with its cutting edge on a plane 
•exactly so much lower than the bottom of the notch ns will repro- 
pont the desired thickness of the slice to lx* ntripped oflf. Tlie notcli 
oi‘ the tool is ap[>lie(l at the eml of the “ blade ” furthest from tho 
operator, and is then drawn towards the person, so as to cut always 
in tho direction of the fibres, and never acros.y tliem. These slici's 
arc dried, and planed smooth on tlieir oilier surface's. Wlialehone 
is polislied in ditferont ways. According to one jilan, it is first 
scraped with pieces of glass, or steel scrapers, then rubbed with 
emery paper, and liually with tiipoli or rotton-stono on a woollen 
cloth ; or in another way, it is rubbed with ground pumice, or wid felt, and finisliod with dry quick- 
lime, spontaneously slaked and sifted. " 

It possesses tho vuliuihle qualities of elasticity, flexibility, lightness, and strength comliinod, ■ 
Hoabxi by steam or in a sand-bath, it softi ins, and may be bout or iriouldiMl into various shapes, 
whicli it w'ill ri'laiu if cooled under eouipresHiori. WJien hoih'd, it hecomes hurdiT and darker 
coloured. Unlike tortoiseshell, it cannot b(‘ .soldered. Its industrial ajijiJications arc multifarious 
and important. Tlie fibres detaclied in slicing the l>Ia<h‘s ar<* us^ d as a substitute for bristles in 
common brushes, and instead of hnir for stufling mattresses. Fr( ui the tliiek jiarts of the hladi^s, 
are made knobs for walking-sticks, ami Hiinfl-Iioxes. It is also used in the fruinowork cd hats, and 
in making ladies’ bonnets, and even artificial flowers ha\e been nunh' from while wdnilehono, which 
will take many bright and tlurablo colours. Narrow strijis, grooved or made into ribs by being 
drawn through an aperture in a stend jilate, are used for covering pocket telescopes, &('., being 
wound around the tube and tucked under the rings at the einls; liroad, flat slices of jiurti-cohmrcd 
whalebone are semetiinea similarly u.sed, tho light portions lieiiig dyed gnx n, and the dark remaining 
unchanged. Solid jdec'cs of mixed colours are (KJeasioiiully ma«le into walkiiig-stieks, and plaited 
strips of black and white are ofieii employed on wliips. A considcwlilc quantity is still consumed 
iu the manufacture of buiies’ stays, hut not nearly so much as formerly, and probably the principal 
demand now is for making tho stretchers of umbrellas, &e. 

The price of whalebone fluctuates exceedingly, and may be put roughly at 501. to 150/. per ton. 

The imports of whalelxmc were, in : — 



1S74. ; 1S75. 


187C. 


Owts 1 3,544 

Value .. £ 64,618 


2,011 

54,020 


1,871 

42,240 


1 ,700 
47,144 


1,060 

82,087 


The quantity for 1877 was contributed as follows 

The northern whole fisheries, 987 cwt. ; United States, 380 cwt. ; other countries, 602 cwt. 

The exports of whalebone in 1877 were, to Germany, 251 cwt,, v^ue, 15,216/. ; France, 126 owt, 
value, 4700/.; other countries, 96 cwt., value, 456/. 
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pA'P.AT, or BI-BOBATE OP SOSA. (Pb., Borax, horaie ck toude; Gbb., Borax, 

Borsiiuremritron.) ^ ^ ^ 

Tho word Borax forma a convenient heading for this article, as the term is universally known ; 
bnt, having regard to tho fact that various other borates, as well as native boracio acid itself, are 
utilized either in the producthm of, or ns substitutes for, borax, it is felt that a description of 
each will 1)0 welcomed, especially as the subject has been but very narrowly treated of hitherto. 

First of borax. This salt is an acid or bi-borate of soda, Na 2 B 407 , forming transparent crystals 
of the rhombic system, whose surface Ijecomos efflorescent on exposure to tho atmosphere. Its sp. gr. 
is 1 •70.') ; it is soluble in water, giving it a w(juk alkaline rciiction. When heated, it melts in it^ 
water of crystallization (ten molecules), which is given off, leaving a spongy mass of “burnt borax.'* 
When an aqucfous soluticm of l>orax, sp. gr. 1-245, is allowed to crystallize at about 79° (174° F.), 
octahedral crystals aro obtuiin d, combined with only live molecules of water. This latter is known 
us “ octahedral ” bomx ; the former, us “ priKinatic " borax. Octuliedral borax crystals are commonly 
said to be stabh^ only at a relatively high lempt'ratiirc ; but (rerney has found that both the prismatic 
nud octahedral forms can be produced at a low temporatuns and that 50° (13;r F.), which has been 
indicated as tlio inferior limit for the production of ])rismatic b<'rax, is in reality only a temj)orature 
near the higher limit at which th(^ production of prismatic Ijorax has bi;en observed, since this salt 
loses a part of its water at this tenqierature. Borax absorbs hydrochloric and sulphurous acid gases, 

' and is decom[)ose<l by sulphuric, hydrochloric, aud nitric noids. Melted borax dissolves almost all 
metallic oxides, whence its greatest industrial utility. It fills the most imixirtant place in tho list 
of boracuo compounds, and contains : — 

Boracic acid 3G ‘ 58 per cent. 

Soda lG-25 „ 

Water 47-17 „ 

Its manufacture will be di'scribed in due course. In a natural state, it exists in groat abundance 
in California and in Thibet, biung loeally known in the latter country as tmhdl (anglice “ tincal"). 

8(<coud on the list in point of iinportancc, is native boric (borucii;) acid (Fii. acidc horique^ 
horaciqxc ; (lieu. JU>ysuui’(\ fforaxsaurr)^ 11,B(J,, couiaiiiiiig boracic acid 5G-38, w’uter 43-02 per cent. 
It forms white, scaly, shining crystals, which yield all their wati'r on boating, melting to a 
transparent mass, which, on cooling, wdidifu'S to a colourless glas.s. For solution, it requires 25*6 
parts of water iit 15'' (59'’ F.) ; but only 2*9 ^larts at 100° (212° F.). Us aqueous solution has only 
a very slight acid iasie; it colours bliu' litmus, purple; and turmeric, reddisli brown. Boric 
nnliydride expels almost all oth(;r acids from tlioir conipoiinds at a red heat. The groaiost natural 
Hourt'C of tliis acid is found in tlio well-known laqoni of Tuscany; but it is a common product of 
volcanic action, and ftnius a oonstitmmt of both sub-aerial and sub-mariiio hot-spring waters in 
many parts of the globe. 

Mext worthy of attention aro the variously named aud as variously constitutc'd borates of lime, 
and (Uaddo boniii'S of lime and soda, known as lM)rocaleiU‘, boronatrocalcite, tincalzito, ulexite, 
Hay ('Seine, i<:e. They occur in reniforin luu.sses, varying in size from tliat of a hazel nut to tliat of a 
potato. Tlieir outer crust is hard and chalky looking; but they an* (easily bre^kon, and inwardly 
presout a wnss of erystalliiu' needhj.s, intersecting eu(d» other in all directions, aud of brilliant white 
satiny appe arance. These borati's are gcmerally U'^sociated with nnldish or yellowisli crystals of 
glauberitt^ or gypMim, as will as with a certain pr(»i>oition of common salt, which imparts a 
brackish llavonr. Tho whole mass is almost complebdy soluble in strong acids; but is very slightly 
Bohiblo in water. Tlu*S(* minerals are of such variable wmpesitiou that no formula can expre.ss it 
with any degree' of aeeunu’y . Tlu' approximate percentages of the princjpal ingredients of a number 
of samples arc thus variously stated : — 
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I 2. ! 
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4. 
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Boracic acid 

40 

34f 1 

d.'ii 

37 

! 40 

! 41 

m 

31i 
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394 


31 

lime 

15 
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Hi 

14 
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: 12^ ’ 

! ! 

131 
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10 

Bodu 
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12 ; 
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1 U 

5 


The variotlcB of this ininorul occur priiioiimUy in tho nitrate of sotlo bods of South America. 

Itoraoite. or borato of lua^rncsia, is ono of tho richest native boracic stilts, containing, when pnre 
about 70 j)or cent, of boracic acid and 00 per cent, of magnesia. It crystallizes in the cubic system’ 
aud is pyro-olootric and doublo-rofnicting. It is found generally in association with deposita of rock- 
salt, gypsum, and jiolash-aalto (kainitu and carnalliWX usually in nodules, rarely in strata. The 
variety fouud in tho German potash bods is caUed Slassfurtite. When washed until tho water 
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which pasaes no longer precipitates with nitrate of silver or ohioride of bariuro, and then dried 
at 100° (212° y.)> these minerals give respectively Uie folIowiiJg composition : — 



Boracite. 

StasfifuTtite. 

Chlorine 

8-15 

8-02 

Magnesium 

2-75 

2-71 

Magnesia 

25-24 

26-15 

Protoxide of iron 

1-59 

0-40 

Boracic acid 

G2-91 j 

60-75 

Water 


1-95 


101-19 

99-98 1 


TJie formula for boracite will then bo 2(3Mg04B03) + MgCl; Btassfurtite contains one more 
equivalent of water. 

Howlito, or silicoborocaloitc, is a hydrous borosilicate of lime, containing about 43 per oonh of 
l>oracic acid. It occurs in a nodular form in gypsum and anhydrite, in Nova Scotia and in the 
copper region of Lake Superior. 

Cryptomorpliito is a hydrated borate of lime and soda, with 58^ per cent, of boraoio acid. 

Borocio acid exists in a number of other minerals as a subsiiliary ingredient; but only tbo 
borates of soda, lime, and magnesia, besidos the native acid, have yet been found in euflieieiit 
abundance to be economically employed in tbo prcpanition of commercial borncic compounds. 

• The industrial importance of borax and its allies may bo inferred from the fact that the 
monopoly of tlio market, enjoyed by the Tuscan producers in 1855, evoked a petition from the 
consumers, praying the Government for information concerning the resumption of the trans- 
Him^ilayau export, which had decjiycd und<*r the influence of the pf)licy pursued by the Tuscan 
monopolists. Their address rcprcHeuted the article as one of prime necessity for j)orcelain and 
pottery manufacturers, and enlarged on the mischief resulting from its excessive price, and tho 
consequent employiruiiit of inferior substitutes. 

Having adverted to the principal forms under wbieh borncic compounds are met with in nature, 
the next consideration will be their geographical and geological distribution, tng(‘lher with tho 
native methods of preparing tho raw product for exportation. Afterwards, will bo added n 
description of the treatment of the imported articles, by which they are fitt(‘d for use. 

1. Europe . — The preparation of native boracic acid in 4'u8cany <lutes from 1818, and now forms 
one of the cliief brniiches of Italian chomieul industry, and an important factor in tho sum total of 
the i)roduclion of boracie compounds. Tim occurrence of tiio acid is as va])our omitted witli steam 
from fissures in the earth, and as a solution in water. 1'ho locality in Nvliich this curious pheno- 
menon is developed is of comparatively limited extent, clihdly in ihe neighbourliood of the villages 
of Monte Corboli, Casieliuuno, and Monte. Kotondo, lying betwo(‘n Massa Marittima and Voltorra. 
The sides of many of the valleys of tributaries of the river Cecirm aoi studded with vfqrour vents 
(.v6»y//oa/), and with ponds of Iroiling muddy blue water 'I’lieso have tho same genoj'al 

direction as the axis of tho Ajrpeniiines, are in close proximity to Miocene Hcrpentiiie eruptions, 
and are intimately connected with recent earthquakes. Boracic acid has never boon found in a solid 
state at any depth to which searcli has bei.n made ; its origin is, therefore, somewhat a matter of 8i>ecu- 
latiou. Two distinct theories have b(*.cu iuidu<‘od to account for its irresouce as arr absorbed gas at or 
near surface : — (1.) It may result from tho double decomposition of water and a volatile boracic salt ; 
in supjwrt of which view, the acid appears only wlieii wafer is presi nt. (2.) It may be caused by the 
reaction of sulphuric acid on mineral borates, such as tourmaline (containing 1*3 to 4 '2 ptir cent, 
of boracic acid). This supixisitiou is strengthencHl by the fact that the nc‘ighlx)iiriiig granite is so 
rich in this mineral as to be named “ tourrnaliniferous.” It is to be noticed that until water 
is introduced into the vapour vents, tho presence of boracic acitl is not manifest. Mineral borates 
existing at a depth in the earth would remain unatlccted by the contact of suljihurous, or even 
sulphuric, acid in presence of a high temperature; but tbo admission of water would lower the 
temperature, and call into play the influence of tho sulphuric acid, by which tho Ijoracic acid would 
be liberated from its compounds, and would be ejected in combination with the water anid steam. 
The presence of sulphuric acid is abundantly testified by the frequency of such minerals as 
sulphates of ammonia, and of lime, alum, gypsum, &c., around tho Ictgmi, 

It is now necessary to roj^at iu a few words the threadbare history of tho utilization of this 
apparently inexhaustible source of borocio acid. The discovery of the acid in tho wafers of the 
of Montt) Botondo and Castednuovo was made about a century ago, and in 1818, tho first 
attempt was made to recover ihe acid from its aqueous solution. About tons of very omde 
crystalline acid was obtained as tho result of nine and a lialf moiiths* working, and was exported to 
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France. For nine years the undertaking was continued, but with very little profit to the proprietor, 
on account of ti»o imuionse outlay needed for firewood, which was naturally very soaroe in such a 
volcanic district. The turning-point in the success of the industry was the happy idea of 
economizing the heat contained in the steam which escapes from tlie soffioni, for the purpose of con- 
centrating, by ovi^poration, tlie very dilute solutions of boracic acid represented by the waters of the 
la()vnL 

There are about a dozen places whore the production of boracic acid is now carried on, 

1. Lardarello, or Lagoni of Monte Cerboli. 

2. CaHteliiuovo, Val di Cecina. 

JJ. Imstigntino, I.ngoni Rossi. 

4. Serraz(iano, Lagoni Solforoi. 

5. Rasso, Lagoni di Acquavita. 

(). Monte Rotondo, Lagoni della Pianacce. 

7. 11 Lago, inclndiug Ran Feilerigo, Sau Rduardo, and Tja Collachia. 

These all belong to Count Lardarel, and are situatiid within a few miles of the little commune 
of CuHiebiuOYo, in the government of Ijogboru. Lardarello is the lu'incipal establishment, and the 
produce of the other works is taken there for prei>aration. 

*8. 11 Ijago Rolfurei di Yecchiona, at the Lake of Monte Rotondo, the property of M. Diirval. 

9. I IjagouL dello Calloraje, at Travule, the property of an Italian Company, the Socictii 
Ammonia Boi i<'a T'ravaleso, 

The system of working is puietioally identical at iill the esbiblislimonts, except the lust 
named. A dobcitjdion oi’ T/iU’darollo, the principal, will tlu'reforo sulUco for the others. A little to 
till' south of tlu' villagi’ (d' Ljinlarello, groups of lialf-a-dozen or more l(i(i<mi are scon pitted about 
on the hilbslopos. 'riiese are formed in th(> following way. A sf>aec is chosen where several* 

svjjioni are situated iu convenient proximity to each otliiT. A ijuantity of clay is then dug out, so as 
to b‘avc a hollow of more or b‘Ss oiJcular sliapi', enclosing the oiitices of the sofiUmi. The sides of 
this urtiilciul basin are HtreiigUicned by rough masonry, but the bottom retjuires no such lining, 
Tlie dej)tli varies fiom 4 or (J feid, to m arly as many yards, the c apacity of tlio basin roquiriug to 
bo oarcsfully adjusted to tlie force of tliii va]*ours issuing from the sopiorii wliicli it includes. 
Whilst tlie workmen ar(i engaged iu I'xcavating the basin, tiicy are protected from the scalding 
iTifluenco of tlie vapouis, by na^ans of hiiiall wooden cliiinnoys, placed over the vents, so as to 
coruUict the steam, cS:c., into the atmosphere at a Butlicieiit height aliove them. Chains of basins ore 
tbuH made on the liiil-sidcs, tbo* meinbi'i s of each set of half-u-ilozen or s6 being arranged in torrace- 
liko order, and connecti'd hy lil.th! canals. Having completed a series of basins, the next atop is to 
transform them into /(trjani or j)ools, by intioducing water. This is coiuluided, by a channel, from 
any suitahle source to tlie topmost of the scrie-a of ba.sins. IN rcolatmg through the natural tisauros 
in the bottom of the basin, it comes into (^mtaid with heated gases and rocks, and is Immediately 
converted into sti'am, wducli is re-ejected with consiilerablc force, and is recoiideusid in the body 
of cold water lying in tln^ basin. After remaining in the basin for twenty-four lioura, constautly 
agitated by llie escapi* of subterranean vajioura. the waiter aequires a alatc-blnc eolour, and ia there- 
upon run from the lirst basin, by a littli! channel, to tlie next lower in the aeries. Thus the second 
buaiii assumes the character of a liVfoiic, and is mrnle to furnish its due i»roj>orlion of boracic acid. 
Here, also, tlic water remains for twenty-four boura, and bo on with each basin of the series, a fresh 
supply being tidmiited to tlie topmost as fast os it is run otf to the next. Additional portions of 
boracic acid ore absorbed by the water during oneb stage of its journey, till finally it eontniii.s about 
O'TiO per cent, of llie acid in solution, d’lie teiiipcraturo of the liquid is aboVe lOO"" (212'^ F.), and 
dense volumes of steam are given off iu its passagi'. While still boiling, it is conducted by a pipe 



h to the vasco (see Fig. 1180), a tank about 66 ft. square and 18 in. deep, covered by a tiled roof 
supported on slight brick pillars. Here it ia allowed to settle ; the impurities held mecbanioally in 
euBponsion — clay and insoluble sulphates— soon precipitate themselves, and the water is run off 
from the tank in a clean state. 
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The next stop is tke ooncentratioii of this dilute solufciou of iKyraoio acid, which is porfoitued in 
a series of etaporating pans, in an adjoining buildings shown in elevation in the same figure. 
These Adrian evaporators,” as they aro ealled. Figs. 387, 388, consist of three parallel rows 
of shallow leaden divisions, named scanelli^ each one of which is ^ in. lower than that preceding it, 
and separated only by a leaden partition } in. broad and of about ihe same depth. These 9 oane//t, 



or pans, o, arc about 200 ft. in length by 8 ft. 4 in. to 10 ft. in hr 'adth, and are arranged under a 
roof 6, supported on light brick pillars c, wliich suffices to keep out the rain, without impeding the 
process of evaporation. The divisions of the scanelH run transversely, and measure about 2 ft. 7 in. 
to 3 ft. 4 in. ill width ; the partitions are about 2 in. bigh, and the pans are jdaced at a slight 
inclination, to favour the flow of tlio water. By a reh^renco to Fig. 387, it will be scon that the 
scanclli rest on beams ovi r a low vaulted steam chamber c, lined with hydraulic cement, to protect 
the masonry and retain the boat, derived through pip('8, from sojfiom. The supply of heated vapours 
was first obtained by vaulting over a natural sojjione with a rough siom^work dome. Fig. 380, about 
10 ft. liigh, firmly bound with wronght-iron bars. 'Jlio admission of a little water produced a 
considerable beail of steam, which was led by the pipe / into the vaulted cband)or e (Fig. 887), 
and, having traversed it, was allowed to esc4i.j)e by the chimney //. It was soon found, however, 
that these domes were liable to be imdormiiied by the action of the vapours, and in place of 
them, the plan is adopted of connecting steam pipes with the tulx) of an artificial boring, which 
jonders the apparatus more convenient, neater, and 
easier of control. These artilicial 8oj[fioni are bored, 
with the tools shown in Fig. 389, to a diameter of 
10 or 12 in., and are lined with sfieet-irf/n tubing. 

The evaporating process is conduct(‘d as follows : — — 

At the same time that steam is admitted to the 

chamber c, n tap is opened, by wliich the dilute aijucous solution of boraoic acid flows from the mnoo 
into the firat scandlo^ the quantity being nicely regulated. As it pusses slowly from one pan to 
another, much of the water is evaporated, tlio o dour of tho liquid changes gradually to a bright 
yellow, a peculiar mlour is generated, 
and the solution liccomes much more 
concentrated. This constitutes the 
secret of tho success of the under- 
taking; what occupied sixty-two hours 
to evaporate with artificial fuel, is 
effected in twelve hours by natural 
means, at infinitely less cost. 

Being thus concentrated, the liquid 
is run into a large, deep reservoir, 
the caidaja a sale, d (Figs. 387, 388), 
whence it is pumped up every twenty- 
four hours, and conducted by a wooden 
pipe to tlie hoHajOt or crystallizing house, in which are arranged a number of large tmrie or vats i 
(Figs. 890^ 891), about S ft, 4 in. in diameter. When they are to be filled, the plugs situated over 
the centre of each vat ore removed from the pipe A, which runs round the room. The* liquor 
remains here for four days, during which time tho boracic acid crystallize^ ei tho bottom and sides 
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of the vats, to a thickness of some inches ; the remaining liquid is then drawn off, hy removing 
a second plug near the i)ottom of each vat, and finds its way along a drain to the evaporating house. 
Fresh liquid is then admitted to the ionne» and the process is repeated, till they ore filled with 
hexagonal crystals of boracic acid, 
having tlie size and appearance of 
wafers, with a j)carly lustre. As 
those crystals retain a largo 
quantity of on removal from 

the vats, tln^y uro placed in large 
wicker baskotK, called to 

drain, and are aft(TwardH spre^ad in 
thin layers o]i tluj floor of a large 
airy chambi!!’, the osriugdiojo^ or 
drying room, Fig. The floor 

is formed of hrir'kNVork, and is 
luaited, like llie evuporatois, by a 
Hh-cm chainbi r })oneaili. 'riie crysitls arc repeatedly btirred with a wooden rake, losing their 
sharp angles, and H<qairaiing in great measure troin each other. When dry, tlioy are shovelled up 
iuto large barrels, containing from 12 to llt^ cwl. (about flOO kilos., or 2000 Tuscan lb,), and con- 
veytid to Leghorn, whence the grc'ater part is exported to England. The boracic acid produced 
iu this way is fur from pirn'. An analysis of it, in 1842, gave — 


392. 



Oyhtallized ].<»rarie acid .. .. 70*401 

Bulphate of aminoniji 8'. '“>08 

„ magnesia ,. .. 2*(;:i2 

„ lime 1018 

„ soda 0-017 

„ poiuKh 0-000 

„ iron 0*005 

alumina 0-320 


(ddoride of ammouinm .. .. 0*298 

Water of crystallization of these 

salts G-Sn? 

Silicic acid 1*200 

Sulphuric acid combined with 

l)ornci(; a(dd 1*322 

Organic matters traces 


Latterly the amount f»f foreign salts has much decreased, and the imjmvitios do not now e'xcoed 
about l.-l p(‘r cent., chiefly Hul))luvie of lime, ammoma, alumin.i, and magm-hia. The acid crystals 
are imported in tla^ir cnule stfite, and are here puritied by repeated ei ystulUzation, 

At the Lardurellf) works, there are twelve evaporating sheds, containing tldity-five evaporators, 
llie average thiily production is alamt 3 tons, soiuetinics reaching as inucli as 4 tons. At Gas- 
telniiovo, the nveragi* jiroduction i.s about 27 tons a month, and at tJui other works still less, 
'riic total annnal production of Count LardareFs property is now about 3000 tons. From 1818 to 
1847), it averaged alxait 900 tons per annum ; from 184G to 1850, about 1000 tons ; between 1857 
and 18.59, it rose gradually from IlOO to 2000 tons a year. 

M. Dinxals j)roperty at the lake of Monte Uotondo is about 18 acres in extent. The water 
contains about 0*002 per cent, of lx»racie acid. The prepared’ acid has a maximum of about 15 per 
<'<‘nt. ot impurities, chiefly sulphates of ammonia, ulumina, and magnesia, with hydrochloric acid, 
tree sulphuric Jicid, and traces of organic matter. 'The i)roct ss employed is ideutic^il with that at 
liardarello. UJie jnoduco is sent almost exclusiNoly to French markets. 

Iho waters oi the liUjoni at Travale contain boracic acid in much less proportions than in 
the districts aliendy dcsciibed. I'he pools are situated at a sliort distance from the village of 
lr«\ale, iu the valley ol the Sajo, a little stream feeding liie 'Teceia and Morse, tributaries of the 
OmbroiK^. All tlie sofiiom Iiero Jmve produced by boriug, some of tlie bores having a diameter 
of l(’) in. Water is usually met with at a depth of 50 to 70 ft., tliough in one place a depth of 560 ft. 
was c ached before tlie siibt(>rranean springs were tapped. At the Lngoni delle Galleraje, the 
waters contain sulphate of ammonia, iu the projxirtion of about 1 grain to the pint, associated 
with the boracic acid. These products are extracted from the wat(*.rs by an evaporating apparatus 
heat('d by the vapours from the Hoffioni ; but the profit derived from the manufacture of the 
sulphate of ammonia is veiy small, as the cost of production equals that of the boracic acid, 
while the oommerciul value is only about one quarter. The boriug of II Foro Carlo, 240 ft deep, 
yields fH>r twenty-four hours about 132,144 gallons of water, at a temperature of 96° (205° F.), 
containing in solution alxiut 260 milligrammes (say 4 grains) of boracic acid per litre (1*76 pint). 
Ihe water rises to the surface ns in an artesian well : only about one-sixth of the supply is at 
present utilized. There is no basin, the water being led away directly, by castiron pipes, 
from the lioro-hole to the precipitating tank, 60 ft long, 45 ft, wide, and 1 a 8 in. deep. An 
impriwement lately introduced hero consists in heating the water in the tank, by pipes fed with 
vapour from a dry II li’oro Filippo, hy which means a certain amount of water is evapo- 

rom the tank, and the solution is thereby conceuirated to 400 milHgramiues (6 grains) per 
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litre. The boring of II Foro Filippo is 210 ffc. in^deptli, and the temperature of the water in the 
tank is mailtniued at 94® (202® F.). The solution, having a speoifio gravity of 11® Baum^, is 
conducted in the usual way to the evaporators, which resemble those at Lardarello,* the tempe- 
rature being retained at 76° (169° F.). Having traversed th^ entire length of the pans, the 
liquid is received in the tank at the lower end with a density of from 12° to 50° Beaum€, and is 
crystallised, dried, and packed in the ordinary manner. The evaporating house contains three 
rows of evaporators, 207 ft. in length and 10 ft. in width. The produce is about 57i lb. per diem. 

The crater of Vuloano, one of the Lipari group, is the seat )f similar volcanic phenomena, by 
which a large amount of boracio acid vapour is generated. Till within a few years of the present 
time, the products from this source were very crudely gathcied, by means of convict labour; but 
since the property has passed into the hands of a British capitalist, proper appliances have been 
erected for collecting and concentrating the acid, aud utiliy.ing tho other substances produced. 
There is nothing in those constructions which culls for tietailed description. England annually 
imports some few thousand pounds of the crystallized acid from tiiis source. 

The great potassio salt-bods of Prussia, Anhalt, and Saxony, representing in rdl probability the 
upper deposit of a la^ge lake, and resulting from natural evaporaiitig and crystallizing processes 
protracted over a space of some thousands of years, are another sonrtic of bOrucic minerals. The 
borders of this vast deposit are composed of tho less soluble potash salt called kainito, which is a 
double sulphate of potash and magnesia ; while in tho interior, tiie miiura clarnallite, a double 
cliloride of potash and magnesia, is met with. It would scum from this, that the less soluble salts 
were first deposited, while tho more soluble still romaiuod in solution in the do(^pest parts of tho 
basin. 

Tho extensive boring opemtions, suceosHfully undertaken here by tho Oontiuentsl Diamond 
Roek-boring Company, afibrd valuable and interesting details of the strata constituting tho forma- 
tion, The first boro was put down at the supposed edge of the ancitmt salt lake. It penetrated 
New Red Sandstone (about 680 ft.), then gypsujn and anhydrite (97 ft.), to the salt clay laye» which 
is the characteristic overlying stratum of the potash salts, and generally KupjK>sGd to have been the 
means of preserving them from denudation. Next camo a layer of impure coloured salts, forming 
the transitory covering of tho valuahlo |;)otash salts, and at 885 ft., the jmre kainite layer was struck, 
and sunk through for al)out 50 ft. In this kainite bed, are found not inconsiderable quantities of 
boraeite, chiefly in small nests or nodules in the upper part of tlic bed. It also occurs in nodules in 
the carnallite. 

Wlien in a pure condition, this so-called Stassfurtite, or Stassfiirt boraeite, consists of boracio 
acid, magnesia, and chloride of magnesium. In its raw state, however, it is usually much conta- 
minated with foreign salts, sometimes to the extent of 50 jxt cent I'lio following analysis is stated, 
by Dr. Krause, to fairly represent the eom])ositi(ni of tlie raw product as brought to market ; — • 


Borncic acid .. .. 52 ’SO per cent. Chloride of soda .. .. 1*28 per cent. 

Msgnesia 23 ’13 Sulphate of inagnesia .. 0*87 


Chloride of magiiesi lira .. 12-14 „ j Sesquioxidc of iron .. 0-71 „ 

„ jKitiish .. .. 3*46 „ I Water 6 '02 ,, 

In other words, the percentage of bomte of magnesia present is aliout 85. In order to extract 
the boraeic acid from the mineral, it is washed and dried, then coarsely ground ; alxiut 237 lb. 
(105 kilos.) are tlien placed in a leaden pan, with so much water as to render tho mass pasty, but not 
sufficient to cover it. The pan is built in over a grate, so that it can be heated from below without 
the flame coming into actual contact with it, and rests on fire-clay fflubs, or (less advisedly) on cast- 
iron plates. Several pans are jilaced in a row, and heated by the same fire. The paste is con- 
stantly stirred with a wooden spatula, and after one to two hours, tho solution is run out through 
a li-T^-in. hole in the bottom of the pan. This ojiening is fitted inside with a strainer, whoso 
mesh does not exceed 0*04 in., which holds back tho powder; it is closed on the outside 
with a wooden [dug, or, better, by a leaden valve made air tight witli iiidiarubbor. The first 
muddy portion of the outflowing liquid is thrown back, to provent any waste of materials. When 
the liquid has thoroughly drained off, 20-30 pints of water at a time are passed over the surface of 
the sediment, and allowed to run rapidly through. The outlet is again closet! and the sediment is 
well mixed with about 66 gallons (300 litres) of water ; after which is added 330 lb. (150 kilos.) of 
crude hydrochloric acid of 1*16 sp. gr., and the whole is well stirred. The pans are again heated, 
care being taken that the contents of tho first do not reach a tcmjxirature above 66° (150° F.). 
Before solution takes place, an occasional stirring is necessary ; but as soon as it has finished, the 
fir© is withdrawn, the liquor is allowed to settle for a few minutes, and is then let out, through 
the opening, into stone or iron crystallizing vess^s. The impurities will have been deposited in the 
pan, and the outflowing liquor should be clear. While the solution is becoming perfectly cool, the 
pans are cleaned out and refilled. When the boracio acid has crystallized out, which it does at a 
temperaiure of 16°-20° (59°-^8° F.X cwr less, the lye is let off; the acid is pressed between cloths, 
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riiisod with a clean water, again presstjd, ond dried. Instead of pressing the noid. It may be 
drained, to free it from the lye. The first and most important crop of boraoio acid cryi^s are thna 
got quite clean. The lyes are mixed and evaporated as often as any borticio acid m^stellioos out. 
The last small proportion ihus extracted, containing 5-10 per cent, of foreign salts, is either placed 
separately from the clean product and valued accordingly, or is thrown into the next panful 
of solution. I'ho final lye is allowed to run away, or it may be evaporated down to 45° B. 
(1*321 sp. gr.) and an impure cliloride of magnesia bo obtained from it. In the latter case, the 
solution, while still hot, is run into strong vosstds, where it will form a solid mass after several 
hours’ rest. 

The cost of the manufacture, as above described, is estimated to be as follows : — 


£ g, d, 

231 lb. (105 kilos.) Btassfurtite (about 45s. lOd. per cwt.) 4 14 6 

Carriage, grinding, and loss 16 

330 lb. (150 kilos.) Ijydrocdiloric acid (about 3s. 5c/. per cwt.) .. .. 10 0 

Coal, labour, and wear and tear 5 0 


11 0 


Yielding : — 

£ i. d. 

170 lb. (80 kilos.) lK)r)icifi acid (about 01s. SJ. per cwt.) 7 4 0 

830 lb. (150 kilos.) chloride magnesium (about Is. V. per cwt.) .. 3 11 


£ 7 7 11 

giving a j>rofit of 3Cs. lit/. It is prolsiblo that a greater yield of boracic acid would be obtained in 
practice. 

I'Ue following nttt'inpt was Tnado to nianufaeturti Ixmxx direct from Btassfurtite. Alx)ut 231 lb. 
(105 kilos.) of the commercial mineral wen; treated as in the first stage of the process for extracting 
l)oraci‘o acid, 'i’lie washing t>ut of (lie foreign sidls was jMTlbrined iti a cast-iron retort, walled in 
nfbir the manner of tin; h adeii pan befon; mentioned. The dirt'ct play of the fire on tlie retort must 
Ih) avoith'd, oiherwbo it is im])OHMil»le to pn'vc ut tlio }>ow(l(‘re(l minenil from buniing on to the 
l)ottom. After tlio ly(; was run ofi’, through an opening nt the bottom of the retort fitted with a 
sintiner, the hole was rccloseO, aiul over tlu; paste was poured 000 ll>. (300 kil(*s.) of crude caustic 
S<>da lye of sp. gr. 1*33. Tlie wlmle was thonuighly mixt'd with a wooden spatula, aud heated up. 
It was n(M3e.ssiiry to stir up th(' mixture from time to time, to ensure the complete doeotn position of 
the mineral. Aft(;r an hour, about 14 gallons (200 litres) of water were adOtnl, tho mass was 
mixed, and allowed to boil ofi’ again, and tlio lire was then withdrawn, or ratlier, allowed gradually 
to di(; out. 

As regards the diuisity of the solutiou : for making prismatic borax, it should bo about 20"^- 22^ B* 
(1*U5I“1‘180 sp.gr.) at 27^^ (80'^ F.) ; for octahedral borax, 1*203 sp. gr. at 70° (109” F.), tho 
addition of more alkali to tho Kolution lieing necessary. For this purpose, soda will do oipially 
well. The contents of the retorts are allowed to settle for three to four Inmrs, wheroiiI>oTi tho li(|uid 
is romovt'd, either through an opening in the top, or by means of a Bi[)hon. It is then jwurod 
through felt into iron (or h'ad-liiu'd W(KKli.*n) crystallizing vessels. Tho lye remains for (dght to 
fourteen days in thi'so ; it is then drawn off, and again evapomtod. The crystals of borax finally 
obtained are nlmosl clu«mically pure. 

The ri'inaining sediment is collected, aiid treated in bulk with hot water, the lye is run off 
after the powder has settled, and fresh water is again appliiil. The imited liquors are evaporatctl. 
The then remaining sediment contains hardly any lK)rax. In making borax direct, much more 
attention has to ho paid to the eoiuluet of tlio operatiou than is the ease with extracting the boraoio 
acid. 

'rho cost of tho mannftioiiire is thus stated : — 

231 lb. (105 kilos.) Btassfurtite (al)Out 45s. lOd. per cwt.) 

Caniuge, grinding, ami loss 

000 lb. (300 kih>H.) caustic soila lyo (about 20s. 4d. per cwt.) 

Coal, labour, aud woiu* and tear 

£11 3 0 


£ s. d. 
4 14 6 
3 0 
6 0 0 
5 6 


The value of the 202 lb, (92 kilos.) bomx (say 6/, I#.), and of the magncreite produced is more tlmn 
u thin! less tlinu the above estimated cost. In order to derive any profit from ti>c tnaxmfiicture, 
it would be ms^oasary, if possible, te reihioo tho cemnmptlan of caostie soda lye to the equivalent 
(say 110-150 kiloe ), and it may be more economically manulaotured than purolmaed. Ipiurte may 
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mAde» too, Iq the f]ixectl6ii of lOplaoing the oausUo socia Ive ontiroly or piirtially by oOrboOat# 
ofaoda. 

AiOong iiio minor ooonrrenoeB of boraoio acid or minerals in Europe, which are not tbe snl^jeot 
of corameroial undertakings, may be mentioned boracile at Liineberg in Hanover, and at Halber* 
stadt in Transylvania, The acid, either free or combined, ir present in a great number of mineral 
waters, though not in snfflcient abundance to be a source of manufacture ,* allusion may especially 
be made to Vichy, Carlsbad, and Fachingen (Nassau). During a long stay in Iceland, one of the 
most volcanic islands in the world, the writer made particular search for borax, analyzing some 
ojores of samples of water from the mineral springs and boilir^p mud wells which characterize it; 
but the results wore singularly disappointing and contrary to expectation. 

2. Asia . — Borax (borate of soda) has been imported from i*.8ia, from the earliest times, under one 
of its local names, tinkdi. Bef ro the utilization of the Tuscan bomeic acid, no other source than 
Asia was known, and oven the now familiar word bor»*x is of Arabic origin. The modern discoveries 
of boracic compounds in less inaccessible parts of the world have d'»no much to cripple the growth 
of the Asiatic product ; but i^e still import oonsiderable quantities from our Indian Empire. By 
many authorities, the salt is stated iis uu Indian product; tliis is not tlio case, it is entirely of 
trans-Himnlayan origin. Stretching from Leh eastwards along the courLc of the Sutloj and the 
Brahmaputra, is a lino of lakes, about a thousand miles in length, more or less explored. Maity of 
these lakes are salt in a mark(vl degree, have no outlet, lie at a high altitude, and are fe<l in a great 
im^asure by subterranean inflltratioii. Those situated iu LaJak and Urcut Thibet, are the source 
of the HO-ciillod “ East Indian tincal.” 

The most westerly deposits are those found in the uninhabited lake-plain of Puglni, in the 
former country. It lies at an elevation of over l/),000 ft. above the sea. on llio Kulangchu, a small 
^ stream full of hot springs, joining the Indins on its left Imnk. The jwrtion of the valh y where thC 
tim;al is found may bo roughly stntod at 2 mdes in LiigtJi by J mile in brca«lth, and, if not watered 
by, it is at least under the iidliienco of, hot springs, wliosc tempt ratn res iu four places vary from 

to 75° F.), while the tempemturc of the stream led by them naclies i:i° (5G° F.) 

in July, A sulphur mine exists ou the banks of the stream, and numbers of coarse garnets aic 
found in the neighbourhood. 'Jdie do|Misit of impure lx)rax, locally known as soh'iga, has a thick- 
ness of several fecit. It does not elhorescc ou the surface of tlie soil, as has sometiineB boon said; 
nevertheless a saline eftlorosconce, composed principally of sulphalo and sesqui-carbouato of soda, 
with more or less (dilorido of sodium, always iudicales tho cxisUince of the subjacent beds of borax. 
The natives exhibit considerable skill in removing tho valueless ellloreseenoo and collecting the 
Ixirax bonoatli, employing a kind of wooden spoon or sj)atula. Tiro gathering of the mineral 
cannot be carried ou at all times ; on tlie contrary, each crop, as it may be termed, is dependent 
upon a catalytic action resulting from wet and subsixjuent evaporation, and luiving the effect of 
sojmrating the borax from its impurities. Tho liorax ujqHjars os a greasy substance, in a confused 
crystalline mass, of yellowish-grten to diity^ white or gn*y colour, and is divided by tho natives into 
three qualities. These, according to somewhat untrustworthy viihuice. have about tho following 
composition; — No. 1. Ibire borax, from 08 to 85 la^r cent. ; chloride of sodium, 4 to 5 per cent.; 
sulphate of 8(xla, traces to G per cent. No. 2. Itere borax, 50 to 72 per cent. ; chloride of bodium, 

.5 to G jxjr cent. ; sulphates of soda and lime, 10 to 20 per cent. Tliis lattiT is in a powdcTy form. 
Tliose two qualities are said to be generally mixed tog»>tlu‘r, so as to yiidd an average of 70 to 72 
per cent, of borax. The third quality is too impure for removal, and is left at the surface to cleanso 
itself by the natural process already mentioned. As arlilicial Hooding has never been resorted to, 
tho harvesting operation must be postfioned till the occurrence of a natural downfall, which, at this 
elevation, usually takes the form of snow. The moisture sinks into the earth, taking up the 
impurities in its passage, as they are mucli more soluble than tho borax. Under the influence of ^ 
tile sun, the soil dries up again, and the dissolved salts effloresce on tho surface, while the borax, 
thus naturally (partially) purified, remains below. About ten or twelve days ore allowed to elapse, 
after the downfall ceases, before the gathering of the crop is commcticrjd. During tho hot montbe 
of July and August, the production could probably be much increased or hastened by artificially 
flooding the ground. Frost ctiuscs a total suspension of operations for a great part of tho year. The 
depth to which the borax-yielding earths extend has never been ascortainod ; but there is no doubt 
that they taust exist in enormous, probably inexhaustible, quantities. The thickness of each crop 
of borax does not exceed alx)ut or 3 in., the eflect of the catalytic action being limittxl to that 
depth ; the lower portion of the deposit, which is still impure, is oxpos<.'d to the surface by tho 
removal of each crop. The quality of the borax earth is roughly judgcil by its hardness aud 
weight. One man can oollect a maund (about 80 lb.) iu a day ; it is filled into little woollen bogs, 
holding about 25 to 30 lb. each. 

Th© people ^lio engage in the sohaga — thus the crude borax is termed in tho plain dialect, and 
*i<}halkh by the Thibetans — trade are chiefly Kan^waris and Khampos, a class of wandering traders of 
lilhnul, Thibet, nnd %iti. In tlte summer, they resort to tho Fugha and similar districts, and there 
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Io«m1 their (aheop and goat» with the mineral, returning in the autumn, before the passes m closed, 
to ttie lower bills, where they remain during the winter, pasturing their flocks, refininff the sohaga, 
and bartering it for goods which they carry back in the following summer. All traders hare a 
right to collect borax on payment of a fee of 1 rupee (nominally 28.) in coin or goods for every three 
bags of about 25 to »0 Ib.^ The total production of this district has been placed roughly at 
20,000 hicha nmunds of 32 lb. each, or say nearly 30 tons annually. In 1850. the price paid for the 
sohaga in barter was only 1 rui)ee for a pucka rnaund (80 lb.), or about 66s. ‘per ton; but two 
years later, under the stimulus of expnrt, it reached about 628. Hd. per ton. These are the prices 
in loco. The difficulty, danger, and cost of transjwrt raise the latter figure to 24?. 18s. per ton of 
aohoga at Kulu, and to 42/. per ton of cleaned borax at Kudli, Bisova, or Teki, in the lower hills. 

^rhe purification of t)ie crude soluojn from this district is carried on chiefly in the neighbourliood 
of Subatlia, Bhaji, Ac., in the lower hills, where wood, and winter grazing for the carriers* flocks, is 
procniruble. The native processes of purification will be described further on. 

Pflssing eastwards from the Piigha district, the next important source of borax is the lakes of 
Kudokli, where a superior quality, locally termed chu tsalc (water borax), is found. The interval 
liotweeii this point and the large lake of Tongri-Nur is not much known. The Pangong lake is 
reported saline; near Tmmadodino, are several Hniull saline lakes, and in the vicinity are hot 
Sprfligs possessing medicinal projicrlieB ; tlie Ihirnng Chaka lalie is saline, and great quantities of 
l)orax, locally ttjrimxl 6m/, are found lying all around it, in luxls varying from 2 to 10 feet in thick* 
ness, and of light, loose cousisloncy ; at Hissik Chaka, is a small saline lake; and, at Tong Cho 
Chdha, 0 , iTiuch largrr one. It is imjK»sMibh^ to suy whetiier any borax will bo found in those lakes 
which are simply reconlcd as saline. 'Pho chain of saline lakes is terminated on the east by the 
Tengri~Nur, lying to the north of IJia.sa (nearly 100 miles), and at an elevation of over 15,000 ft. 
The lake is of very coiisidcrabhj size, and is encompassed on all sides by rocky hills. Very few 
streams flow into tlio lake, wlatso waters are principally supplied by springs, and are subject to 
very Utile rise or fall. There is no outlet. The crmle borax, or tshoochaly as it is called by the 
Thibetans {ivlii/a in tlio plains), is dep«»»ite<l in tlie bed of the lake, never in dry ground nor in 
high situations, nor universally dihtributt'd over the lake bed even, but only on the borders of the 
lake and in the slial lowest depiliH, The bod of the lake is said to deepen gradually towards the 
centre, wb(‘ro groat quantities of common salt are found, the depths btdng as completely 
monoiiolized by that substance us the sballows are by the borax. This latter is dug up in large 
crystalline masscH, whicli are afterwards broken for convenience in transport. Hero, as elsewhere, 
the supply seems iiH'xhaustiblo, inasmuch as the holes from which the mineral is extracted soon 
become refilhwl. The lake is I'rozen as early as October, and remains so for a great portion of the 
year, during whicli, ojK'rations are suspcnd(‘d. Bonix is also found by the lake Bui ('ho, a little to 
tlie nortli of tlio T<'ngri-Nur. It iiicasure.s about 6 iiiilcH by 5 miles, and has no outlet; geysirs or 
spouting liotspringH are found in tln^ neighbourhood. The same saline deserts are found in 
d’aiiury, on the territory of the Mongols of T.saidam. Holes 2 or 3 ft. deep are dug in the arid, 
sU'rilo soil, wlien in the lineal collects and is periodically gathered. Southwards again from 
Lhasa, is unolher lake, tlie Yamdok (Jho or Palto, over 13,000 ft. above sea-level, whence borax has 
been obtained from time immcmoiial. 

The raw tincal is Hom<>timcs submitted by tlie carriers to a refining process, and is then known 
as “refined East Indian borax.” Tlii.s prcicess generally consists in dissolving the crude substance 
in two parts of hot, or ten parts (»f cold, wah^r, and then allowing it to crystallize. The tshoochal has 
to bo broken up first, on account of its hardness. Formerly the crude lineal used to bti (covered 
over with ghee (clarified liquid butter from buffalo milk), to prevent deliquescence in damp 
weather; but this practiw has been partially, if not entirely abandoned. An improved process of 
piirifleution a<l(t]»tcd at Jagudri is as follows : — One maimd of tincal is mixed with double its weight 
of water, placed in an iron jxit over a fire, and then Ixulod for two to two and a half hours ; when 
the whole luiH boiled dow n to a fourth of its original bulk, it is removed from the fire and poured into 
cart) am jars (.S(i6i/e4(t) ; after three days, the impurities settle at the bottom, and tho borax 
crystallizes above ; the water is tlmn poured oft*, and Uie borax is taken out separately from tho 
Impurities, and dried. I'he product of rofincxi borax obtained will depend upon the charaettsr of 
tho raw nmtorial ; if of good quality, tho yield will bo four-fifths; if moderate, one half; if 
inferior, iwo-fiftha only. Part of tlu' production from the western lakes finds its way down towards 
Bombay, but the bulk of it, togidher with all from the more eastftm sources, goes to Jagddri (where 
it is purified), atul thence rid Furruekabnd or Mirzapiir to Olcutta, Tho transport from tlie 
lower hills to Jagiidri was, and probably still is, effected on pony or mule buck; thence to 
Furruckabad, in hackeries or Indian bullock carts, 25 maunds being a load; and finally by river 
crali to Laloutta. Thence it is shipi>ed in double gunny-bags, containing 2 mounds^ or 164 lb. 
each ; Hometimes, in empty beer-caskti. Before packing, it is often bulked, and mix^ with mustard 
or rape oil and curd of milk, to pitwent efflurescenoe during the long voyage, otherwiiie it is said to 
>H-ai and crumble into ])owder. Tho tincal os im})orted into this oountry oonsistlB of a of little, 
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hard, loose oiyatale, varying In size from small shot to lentils, dirty white in colour, and more or less 
translucent The “refined East Indian borax” comes in thin cakes of crystals more or less 
crumbled, wfliter and more transparent than the iincat Some manufacturers prefer the finest 
tincal to the purified borax, as the former will often give 98 to 99 per cent, of pure borax, while the 
latter seldom reaches above 85 per cent, on account of containing largo quantities of soda and 
moisture. 

The importations of Asiatic borax now bear but a small proportion to our total consumption. 
No doubt new sources will be oj)ened up as the oouutry bocomc's explored and new trade routes are 
made, and the production of already known sources could doubtless be much increased by scientific 
treatment; but there remain the terrible passes of the Himalayas to be mossed, by which the trade 
must for a long’ time be heavily hn.ndicai>p(id in :ho competiti* n with other countries. 

Among other Asiatic oountrieN, Ceylon and China are said to producis b(>rax ; but the amount is 
so small that it never finds its way to foreign markets. Future explorations may reveal larger 
deposits. Turning to Turkey, wc find that in Asia Minor have been discovered important deposits 
of boraeite (borate of magnesia). This valuabh' mineral occurs in noilulcs of 8 In. and upwards, 
regularly disseminated tlirough beds of gypsum. It has already become an article of export, 
tliongh the industry has hardly had time to develop itsoir. Boraeite is out of the richest boracio 
minerals, and it is hoped that it may be found in sufficient abundance to become the subject 
of systematic mining. 

3. Africa , — Africa is not known to possess any deposits of borax ; but it is possible that the 
rhodizite, or “African tincalzite,” as it has been called, a kind of boraeite found on the west 
coast, may be discovered in such quantity as to rojiay working expeiiseB. 

4. America {North ). — It is from the New World that the greater part of our supply of lx>rax is at 
^present drawn. The principal oocurreneo of boracic mini^ralb in Nortli America is on tije Pacific slope, 

notably about the Sierra Nevada, and the Slate Ratign of (California. In the State of Nevada, oon- 
sidorable bods have been worked. The Columbus distnet, Esn.oralda Comity, contains, it is said, 
wiine 20,000 acres of ridi borax land, besides some thousands of acres of less rich deposits, which will 
only pay for collection during the driest seasons. The Columbus Valley, wlu ro the deposit is richest, 
is about 10 miles in leiigtii and 7 miles in wi<lth, and entirely destitute of all but saline vegetation, 
being covered principally with ligiit briny incrustations, tlioiigh near the borders of the valley are 
wide stretebesof drifting sands. Water is usually found at a depth of 2 ft., and, on the west side of 
the valley, is fit for drinking. Borates of lime are found in small (luantities ni all })art8 of the 
valley, but chiefly at the northern extremity, where the wash from the hills is collected. Here they 
form a largo bed, covered with a coating of salt. Tlie accumulation varies in thickness with the 
moi.'iiuro of the ground, increasing in warm, dry woatlier, and dcaneasing under tiie influence 
of cold aud wet. The whole surface is elevated several inches in tin; eaily part of the summer, and 
augments continually till the arrival of the first autumn rains. Its rise and fall are likened to the 
luovcmoiits of a huge j>an of <lough Each alternation of weutJior adds to the tliickjicss of the 
actual deposit, the procc'ss being evidently anabigous to that al 'i.ady n eorded of the Jjadftk beds. 
Where, in 18G9, pieces of mineral only as large ns walnuts were taken out of the prospecting holes, 
thei-o is now said to be found a deposit varying from Inmjis as large as potatoes to a solid stratum 
2 ft. thick. A layer of salt a few'inchos thick underlies the b(»raUi bed, and is again underlaid by 
a band of sulphate of soda, beneath which, be4l8 of <day and sand altiTnatc to unknown depths. 
Borate of soda is also found in the marsh. The deposit lies at an elevation of alxrni 3500 ft. above 
the sea, and is surrounded by mountains of old volcanic formation, princijially obsidian, basalt, and 
trachyte. Saline efflorescences containing borates are common throughout, and dfiubtless form the 
source of the deposits in the basin, which receives tlio wash and percolation from the hills. The 
borate of lime is probably foriiK'd in situ by a process of doubh; decomposition. It usually occurs 
in long, brilliant filan.eiits in nodules; but also in amorphous masses mixed with sand, ami salts of 
soda. The borate of soda is said to be found on the surface as a cryMtalliue efflorescence, resembling 
very fine snow, but yellowish white in c^dour ; it is sonu times a foot thick. 

The company working here have hitherto u.s©d only the borate of soda. This is rak(*d together 
in heap%, with shovels of thin steel, made sharp at the edge for cutting olF the saline herbs which 
grow abundantly on the spot. Caro is taken to avoid the patches of salt, and sulphate of soda. The 
first is easily recognized by its taste, but the second is rnucli more difficult of distinction by that 
means ; these salts, however, form crystals quite distinct in character from borax. The gathered 
borax is transported m carts, and spread on a large platform placed abov e wooden vats of some 
385 bushels capacity. These are filled with water, which is heated to boiling by an injection of 
steam. The crude borax is added by degrees, till the density of the mass reaches 1*241 sp. gr, 
— a concentration which would be much too great if borax alone were introduced ; but the sulphate 
of soda, and salt, as well as the mud, and borate of lime in suspension, help to increase the density, 
Wlteu the boiling solution has reached this degree of strength, it is left; the herbs floating on 
the surface are removed with a skimmer, and the liquor is run into crystallizing pans, by meant 



636 


BOBAX. 


of indkmWbet tubing. The remoTftl ia performed w|fcji great care, bo as to keep the liquid as dear 
aa possible. The orystslJizing tanks are large vats about 10 ft. long^ 8 ft. 4 in. wide, jnd 6 ft Sin. 
deep. Tliero the litiuicl cools slowly down to about 25° (77° F.), occupying six to ten days, according 
to the wt^athor. Wlien the temperature sinks bolow 28^ (82° F.), the crystallization is carefully 
watclied, that the m(»thcr-liquor may be run otf Ix^-foro the sulphate of soda is deposited ; no fear need 
be ontertainod of the precipitation of the salt present, as it requires a much lower temperature for 
crystallization. Tlie p<diit77° F. being rea(5hed, a cork is withdrawn from the bottom of the vat, 
to allow the mother-liquor to enc^ipo. Mud, mixed with numerous crystals of borax, flows out at the 
same time; these crystals are washed with the motliordiqnor from a subst^qiient vat, and preserved 
for roilniiig. Tliis is a deiicate operation, and swn gives the workmen rlieiimatism, from standing 
in the mud. A crust of l>orax, Honu timos G in. thick, forms at the bottom of the vat, and is 
removed by picks. The presence of borate of lime makes the crystals adliere strongly to the sides of 
the vat. Tlic borax is placed to dry on platlorms, atal, at the end of four or five days, is put into old 
ooffci -Haeks holding evvt. The raw jiroduet yields ulKmt 80 per cent, of borax, and the cost of 
nuinnfju turo at those works is placed at 8/. per ton. The cost of transport to rail is about- 10/. 
fK'r ton, and tlamee to San Franeis<;o about 8/. lO.v. more. There it si 11s at about Is. 9d. per lb. 
Mathis eonlaining k ss than r)0 per eent. of borax cannot he worked protitahly hero. * 

Tlie utilization ol‘ the borate of lime found in these deposits has been but little developed. 
When foimd pure, or nearly so. it is Lest Hln]>ped in a raw state, as the materials necessary for its 
conversion into borax, or for the extraction of its lioiacic aehl, cannot bo got m loco at a reasonable 
cost. NcveriheleHS an ath-nipt was inadi; to mannfacturo Ixiraeic acid from the mineral, in tho 
following w’ay. '^J'ho borato is evaporated with sulphuric acid in leaden pans to the consistence of 
a thick iMiste, then run onl. and allowed lo cool, by which it hardens. The mass is now placed iii 
wist iron cylindiiiH Inatcd to redness, while n current of steam passes tlirough. Tho horacic acid is 
volatilized with tlic slcuni, and eondensiid in eliaml)ers lined with lead. To remove tho sulphuric 
acid, tlio vapours are juissi'd through a layer of coke an*uug(‘d in the upper part of tho cyliiidc'rs, 
which redneoH tho Hulphurie acid to sulphurous. No fault was found with the process ; but the cost 
of material was exei'ssivi', and k ft no piofit. Should the discovery of native sulphur or pyrites in 
the lu'ighhourhood ])ermit the manufa<’ture of suliihurie uci<l on thc/ sj)ot, operations might bo 
prolliably icnc'W'ed. A sample taken from 1 1 toii.s of hoiate of lime liom this district yielded: — 


Iloraeic acid 8i)'21 [ler cent. 

Lime IMG „ 

Chloiides of sodium and 

potassium G‘25 „ 


Sulphate of soda .. .. 2 *70 percent. 

Sesipiioxidc of iron and alumina 2 * 25 „ 

Water 29*85 „ 

Insoluble residue .. .. 12*15 


Fourteen miles nortJi-w('st of this valh y, iu (he same county, is a second borax field of several 
hinnlred acres. Native* borax, in large vvhit(* monoclinic crystals, is found in the mud near tho 
surface of a mmsh, which in rainy weather is covered with water. Tlie layer of borax (with other 
borates in less proportions) is from 0 in. to 1 ft. iu depth. 

In (dMinihill county, are several extensive borate beds, tho principal one being over 1000 acres 
in extent and coverotl with a de|.K>8it of borates of lime and soda which, though not heavy, can bo 
gfdhcMud at little cost. Works have heeii put up to inauufueturo li ton of borax per diem. Smaller 
dei)OMits are found tliroughout the neigld>ouihood. In the sjune county, is u lake about 1^ milo in 
oiroumferonce, wlios-e water is superHatniuUd with sjdts, principally borax. Tho basin of tho lake 
is syininotrii’ally oval, and lii's 1.^0 ft. below the level of ihe plain. It is probably an extinct crater ; 
it pr)8SCSHes neiihi*r outlet nor inlet, and is fed entirely by Bubterraueaii e])rings. Uy pumjnng out 
Uio water jiml ('vaporaling it, tho ermlo liomtos might be extracted. 

Tho nciglil)ouring State of California contaiiiH saline lakes reaching to the southern boundary 
lino of the Uniteil States. Of tliew', perliaps tho host known is the great Borax Lako iu the Shito 
Kango, about 400 juiles sontli of San Francisco, and 140 miles nortli-ciist of Bakersfield. This 
wonderful format iou was first explored by Mr. Arthur Rolxdtom, an energetic and persevering 
pioneer of eoinnuroe, who has searched half tho worhl for borax, and to whom tho writer 
is indebted for much valuable information. Tho lake is about 15 miles long, and 8 miles 
across; it contains immense saline deposits, which are also aj)read over part of the surrounding 
valley, forming snow-white incrustations. Tho n[q)oaranco of tho neighbouring formation is said 
to indicate that the sea was once 00 ft. deep hero over a large area, tlio ancient lx‘aoh being 
plainly visible. Hero, loo, tho borax and other wilts seem to have quite distinct habitats. In 
one (Kirtiou of the lake, is a reef of oarlxinate of soila, and near it, are a number of pynunids of tlie 
same product about 4 ft. high and 1 to 2 ft. thick. In the centre, is a ridge of common salt alx)ut 5 
miles long and 2 miles wide ; on one margin of tho lake, is a bed of borax about 1000 acres iu 
extent and 8 ft. Uiick ; and beneath this, a stratum compnecd of sulphate of soda and bomte of soda, 
t’ombiiKxl to form a solid mass almost as bard as stone, and varying in depth from 1 to B fl The 
boruto uf soda is dirty coloured ; but Uio salt, lying above the level of the entire deposit* in some 
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plftcc'B to a thiolknoaa of 7 ft, is as wJiite as snow. Betarocn the borax bed and tho Aalt rfdge, are a 
few hundred f|pres of shallow water, very warm and filled with variegtited erystals, which givo the 
water a particoloured appearance. Fig. 393 well illustrateB the disposition of the various salts. 
The preparation of the borax found on this property is condticted as follows : — Tho cnido borax is 
gathered, as free as possible from other salts, in cowhide baskets, which ai*© emptied into carts, and 
their contents are thus conveyed to the boiling- 
establishment on the shores of the lake, which 
is the only building within many miles. The 
mineral is here deposited in vats of boiling 
water, and kept boiling for five hours, to ro- 
niovo the impurities. The liquor containing 
the borax in solution is run into largo zinc- 
lined coolers, where it crystallizes nronnd the 
sides, and in then scraped olf, packed in bags, 
and dispatched by mule teams to the nearobt 
shitioTi on the Southern Pacihe railroad, en route 
to San Francisco. 

Bomx has also been found in Death Valley, 
about 32 miles farther east; but many years 
will probably elapse before it is utilized, on 
uc(^ount of the natural obstacles presented by a waterless, treeless, salt-desert, which has proved 
the grave of many an emigrant. 

The second most important borax deposit of California is in Borax Lake (or Lake Kaysa. as it 
Is called b^ the Indiana), a pond covering 200-400 acres according to the season of tlie year, situated 
a short distance east of, and sejtarated by a Cretaceous ridge from, the Clear Luke, about 110 miles 
north of San Francisco. According to John Arthur Phillips, Esq., F.Q.S., who made a careful ex- 
amination of this property, the borax occurs chiefly in the form of crystals of various sizes imbedded 
in tho mud of the bottom of the lake, which is found to bo most productive to a depth of 3 to 3J ft., 
though tho earth brought up by a boring rod, put down near the centre to a d(q)th of 60 ft., is said 
to have aftbrded proportions of the salt tljroughoiit. Tlio crystals are most abundant near the centre, 
and over about one-tldrd of the surface; but they are also met with in the muddy deposit of other 
portions of the basin, some — in the richest part — being over 1 lb. in woigJit. Tho larg<‘sl crystals 
are generally imbedded in a stiff blue clay, at a depth of 3 to 4 ft. ; a short distance above them, 
is a nearly pure stratum of srauller ones, 2^ to 3 in. in thickness, in oildition to which, crystals of 
various dimensions are found disseminated through the muddy bottom. Besides the borax thus 
existing in a crystalline form, the mud itself is highly charged, and when dried, yields (including 
tlit5 enclosed crystals) 17 '75 to 18*86 per «*ent. of teax. These figures reffor to the iK)rtions of 
ground now being worked ; but tho uriworked portions also, thougJi less prrxluctive, eoutaiu a 
larg<i amount of lK)rax. It has furtiicr boon aseei-taiuod, by m king ])its on tlio lake shore, that 
clay omitniuing a oeriaiii proportion of borax exists in the low ground, at a distanci^ from tho water’s 
o<lgc. The borax is at present manufactured extensively from the native crude crystals, wliiJe tho 
mud iu which they are found is returned to the lake, ufter the meehanical separation of the crystals 
by washing, the mud being raised by si leet-iron cofferdams and a small dredging mac-liine. It is 
evident that in this way only a portion of the borax is recovered. As to the extent of tho d(^)OHit 
and its capabilities of production, Mr. Phillips furnishes tho following data. The total extent t>f the 
muddy deposit consists of more than 300 acres; hut supposing only 100 acres to l)e rich enough to 
pay for working, and that the depth i.s only 3| ft., there will be 565,000 cub. yds., or at least 
565,000 tons of wet mud, or say (allowing 60 per coni, of water) 226,000 tons of dry mud, contain- 
ing, according to mean analyses, 18*29 per cent, of borax; but grunting tliat only 12 percent, is 
got out in practice, there will be a yield of 27,120 tons (ff crystalliztKi borax, without considering 
some (estimated) 6000 tons existing in solution in the wati*rs. But even this does not include tho 
total pi;pductivo capability, for it is evident that borax is constunily being formed, through 
the deeom|)osition of the carbonate ol soda abxindantly contained iu the waters of the lake, by 
boi’ocic acid omitted from tho sources beneath its bed, since largo volumes of carbonic aeid gus 
consttmtly escape from tho siurl’ace. Another anUiority believes that the deposit would renew itiw3Jf 
every two or three years. The borax, afttrr boiling and cryshillizatkm, is packijd in boxes of 
114 lb. weight for transport to San Francisco. Mr. Phillips estimated the production here at 
2500 lb. to 2800 lb. per diem, at a cost of al>out 18^. a ton. 

There is every probability that the dry lake beds further towards the south-eastern extremity of 
the State will also be found to contain borax. Among tiio minor occurrences of borficic com- 
pounds in North America, may be mentioned Howlite, near Lake Superior and in Nova Scotia ; 
Ulexite, iu Nova Scotia and Nevada; crypiomorphito, in Nevada and Oregon; borax, in Canada, 
Boracie lioid exists as a cunstitueut of mineral waters in California, Colorado, Novuda, Wyoming, 
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Haiiie, and Nova Scotia, Very appreciable quantities of borates, apparently in the form of borate 
of soda, and perhaps of lime also, are found in the waters of the Pacific, from Sy Diego to the 
Straits of Fuca, becoming hardly perceptible beyond Oregon, and reaching a maximum near San 
Diego. Their pre.acno© cannot bo traced seawards beyond the submarine ridge running parallel 
witli the coast. Dr. Veatch considers their source as undoubtedly volcanic, and looks for the seat 
of the volcanic action in this submerged mountain range. 

5. Armrida (^Snuth ). — An important source of boracic minerals has been found in the salin'fs of 
South Amoriou, notably those on the Pacific face of the Cordillera of the Andes, in Peru, Bolivia, and 
Chili. These salinas are later in ago than the Tertiary deposits, and appear at intervals scattered 
over the whole of that portion of the western coast where no rain falls, stretching more than 
550 miles nortii and sonth, ]>ut exhihiting the greatest development between latitudes and 25° 
south. Tliey are generally superficial ; but occasionally roach to some slight depth below the crust, 
arid may then be eritindy covered over with diluvial d<;tritus, always, however, giving si'^nsof their 
existenc(' by a saline efflon wcencc on the surface of the ground, which often covers vast plains as a 
white erysta)lin(^ incrushitioii. Tiio salts forming tliese safinxs present combinations of the follow- 
ing minerals, in a more or Itiss pure state : — Common salt. Epsom-salt, glauber-salt, tbenordite, 
gluuberite, soda-alura, magnesia-alum, gypsum, unliydrih', cliloiide of calcium, iodide and bromide 
of Valium, carbonatt' and nitrate of S(ala, and, in some places, borate of lime and of soda. Tlie 
boracic aciti crunjxmnds are ascribed to voh'anic eau^es, while all the oth(3r mineral substances 
jiresent arc such as would lx‘ left on ovajiorating sea-water, or by the mutual reactions of the saline 
matter (II.hh h;ft hy ova})()rtttioii) on tlio (organic matters and constituents of the adjacent rocks. In 
the preHcneo of ahundanl i^vidonce of the rec(;nt elevation of the coast, and the fact that no rain 
fulls in these regions, it sroms very reasoiiuhle to attribute the origin of tliese mlinas to lagoons of 
salt water, cut oh' hy the ri.'ing of the land. • 

The mhiKifi arc met with at throe very different altitmles above the sea, viz. : — about 2500 ft. 
to H500 ft. *, 7000 ft. to SOOO ft.; ami 12,500 ft. The first include the important Ixids of nitrate of 
soda, running from lat. 10 ' soutliwanls into th(i northern part of the Desert of Atacama, showing 
theinselveH, according to the configuration of the country, at distances varying from 10 to 40 
miles inland. Tln^ boracic acid compounds met with are believed, by Professor Forlies, to be due to 
Volcanic exh lalions; and the borate of lim<\ occurring in largo quantities, appears to be indirectly 
produced by the ctinderised vapours of volcanic many of which are still in full activity in 
the distrii’t. I'he horahi of lime is found only in the more elevated part of the salina, on its 
eastern side, where the rising ground begins to form tlio western slope of the adjacent cordillera. 
Ah volcanic action is d('vch>ped on a giand scale in this range, Hindi fnmuroli forming lateral vents 
are very common, and it is to bo expected that the waters coining down the slojx's carry wdth them 
ill Kdlition the boracic acid (‘ontaineil in the condensed vapours of the /manro/t, which, coming into 
contact with the lime of the decompos(‘d rocks of tlio plains below, would readily combine to form 
the nodules of borate of limo lu're found. Moreover, the borate deposits recede from the coast as 
th<‘y advance south, following tin* eastward tnuid of the volcanic formation. The second series of 
saUnas are dcwidoped on a grand si'ale in the northern part of the Desc^rt of Atacama, the principal 
one with a length of more than 100 miles, and a width of 20 t(» 110 miles, and a smaller one farther 
south, about 110 milcB long and 12 miles whlo. The third and bigbest series occur in a number of 
swamps, coinmenciiig at Laguna Blanca, and more or less dev(;loped all the way to Oruro, and 
thence imst Sora-Soru far to the south, 

A section of the aaUua where fully developed shows the following strata: — 

1. The i'ostra or crust, comjxised of earthy matters, angular pieces of rock-salt, and other saline 
matters. 

2. C((lii’ht\ composed of granular layers of nitrate of soda, containing salt, other saliuo and 
earthy suhstancos, and angular pieces of stone, ofti*n accompanied by much sulphate of soda and 
some maguosia-alum, mixed with earthy matters, as silica, uluiiiina, i^arbonat© and sulphate of 
lime ; also iodine, hromim*, chlorine, and the boracic acid mineral locally known as tisa or tiza» 

Jl. the geiK'ral loose, earthy covering to the si lico* calcareous and porphyritic i^icks, in 
which the borati^ is found in noduU««, from the size of a pea to 2 ft. in diameter; or in thin striie, 
with sulphate (d' lime. 

The best borat e- 1 )eiiring grouml is flat, and its surface is frtxi from salt, tho ttsa making its appoar- 
anc© in noduh's of all sizes, but generally that of a large potato. They are sparsely or plentifully 
imbedded in a now dry Haline mud, w'bich is, however, damp and ©von wet in some places from the 
porcojatiori of water. Much glauberito, in large and small crystals, is sometimes combiued with tho 
IxiTute ; while at other times, tho strata is made up entirely of borate. I'ure borate is found only in 
a few places ; that occurring under the saliims is aocomiianied by glauWito. 

As has be<m alre^uly remarked, the grado of the \)i>rate varies exoeedingly, so that no geneitd 
average composition can lie given. This scorns to be owing to the fact that where it occurs, are 
immonms deposits of chloride of calcium and sulphate of limo; and, though no min fells in tlio 
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dUtriot, ilie d^podts letAla suIBc^eiii mpisttire ib keep them qtiHe eoifll; like halMrled mtid, tkA 
constitution of |uy compound resulting from a mixture of Bolutiona of these Salts must ueoessaHly 
varv with their proportions. There is every probubilitv that the form dtion of the mineral is due 
to precipitation, the aftcar shrinking of such a gelatinous precipitate accounting for the nodular 
f rra in which it is found. It is easy to collect specimens with composition varying from almost 
pure bi-borate of soda to none at nil, as in samples 6 and 9 (p. 52G), which have evidently been 
formed from sulpliate of lime, and an indefinite comp< and of soda with boracic acid, only a small 
part of the resulting sulphate of soda having drained off. Tlie richest specimens are prol>Bbly 
formed, in the opinion of Mr. Walker, from chloride of calcium and a sodio-boraoio salt, the 
resulting chloride of sodium, owing to its 8ol(.nbility at oniinary temperatures, draining off more 
readily than sulphate of soda under the same conditions. 

Strata of borate of lime, calculated at over 3,000,000 ctib. yds. in exfont, have been Tound in 
the dried-up lake bed of Maricunga, situaied to the north-wost of Copiapo, on the western slop© of 
the Andes. The lake is situate at 12,000 ft. above the sea, and is cntiiely shut in by mountains 
of volcanic formation, al>ounding in trachyte and pumieo. Borate of lime, in the form of white silky 
flakes, has been discovered suspeudevl in the waUsrs of the hot springs called Baftos del Toro, in tho 
Cordillera of Coquinibo. 

On the authority of Dr. Phipson, it forms on excellent flux for metallurgical purposes, and has 
boon employed with suc<‘e8s in tho j>orcelain manufactories of 8evrt‘s,- it appears capal>le of effec- 
tually replacing borax in all the applications of that salt. The boracic aci<l may be extracted from 
tho mineral, by saturating the pulverized substance in boiling dilute hydrochloric acid. The clear 
solution is decanted while hot, and, u|)on cooling, the liquid tlirows down the boracic acid in large 
quantities. 

• for Boracic Acvl . — Macerate a small sample of tho suRpt^cted mineral in alcohol, adding a 
little strong sulphuric acid, ignite the solution, and allow it to evaporate; the merest trace of 
l)oracio acid, whether free or combin<*d, will colour the flame green. 

Preparation of the Imported uirticlcs , — The boracic comjwunds as imported are seldom in a flt 
state for use, and are therefore submitted to a preparative process after arrival in this country. 
Tlio process of course varies with the substance ; thus, tho boracic acid of Tuscany has to be con- 
verted into borax ; the tincal from Asia needs purification ; and the borates of lime require 
cleaiisiug, or transformation into borate of soda. 

Tho manufacture of borax from the Tuscan boracic acid performed in the following way : — 
About 23 cwt. of Ciirbunato of soda crystals are placetl in a iiwe copp(3r, or wooden vessel lined 
with lead, containing such a quantity of water as will raise thy (^i^^tal W(dght to 2 tons. Heat is 
then applied, by the introduction of steam from a perforated coil lyiva vv \t the bottom of the vessel, 
and the mass is then kept at the boiling point till all tbe Roda is disHoIVv'sU. Tlio crystals of boracic 
acid are then added, in iiistalmeiits of 10 to 12 lb., till tiion^ is snffieient to ?omi)lete tho decom- 
]»ositiim of tho sodic carlwnate — usually about 1 ton. ( Carbonic acid is disengagiid with lively 
effervescence, and borate of soda (borax) remains in wfintion, tho li(juor exhibiting a specific 
gravity of 1 *00 (33” fw.) nt the conclusion of tho operation. Tie heating is then suspended, and 
the vessel is tightly closed, and left to stand for ten. to twelve, hours, at the end of which time tJie 
clear solution is run into shallow crystallizing pans. In cool weather, tlui crystal lization usually 
occupies throe or four days. The mother-liquor is siphoned off, and is put back into the copper to 
assist in the solution of more carUmato of soda. Tho resulting crystals of liorax are redissolved in 
boiling water, to which is added about 1 cwt. of cjirbonate of soda for ttach 2^ tons of borax. Tho 
solution is heated to the boiling point and is run into Icad-linod iiivortwl e/mos. These are covered 
with matting, in order to conserve tho heat as long as possible, to produce large and wt>II-defined 
crystals. At 30” (80” F.) the motiier-liquor is run ott’ and tho crystals, affer standing a few hours 
to prevent their becoming friable, are carefully detncliifl by means of a cbisid. 

To avoid the tedious nature of the above operation, it Jias itreu proposed to calcine the native 
acid, with perfectly dry carlxinate of soda, in a furnace at a red lieat ; the result is a hard, spongy 
borax of excellent quality. But as the impurities inherent in the acid coin only l>e eliminated by 
crystallizing the borax, the improvcmi iii on the older plan is not apparent. 

In making octahedral borax, the liquor must be run off to crystallize at 7.5” (167” F.), wlien the 
sp. gr. is 1 *3 ; tho mother-liquor is removed when its b^mperature is 55° (131” F.). Tho prfxluot is 
harder than ordinary borax, and contains only half as much water. It is preferred for soldering 
puriKrties. 

The reflning of tincal is jierformed by placing the crude mineral in pans, covering it with 
cold water to a height of 2 or 3 in. above the surfaoci, and leaving it to stand for some hours, 
Becently slaked lime is then added, in the proportion of 1 part to 4fl0 parts of tincal ; tiio mixture 
is stirred, and left to stand for twelve hours ; it is then again strongly agitate»l, and the muddy 
su})ematani liquor is decanted. This Liquid is not thrown away, but is preserved to wasli the impure 
borax, the solid maUers in Bospension being first separated by setfieuieut and dscantatkm, Tho 
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wtifihiu^ h continued witb thoname Itquojr, cUrified by subsidemoe as often as applied^ till it ig no 
longer rendered turbid. In this way, a great portion of the fatty matter is wa|lied away as an 
insoluble soap of lime. The salt thug purified is dissolved in 2i parts of boiling water, to which 
has been addtd a solution of chloride of lime, containing 2 parts of that salt to 100 parts of itnoal, 
A precipitate is thereby produced, consisting chiefly of insoluble soap of lime. The liquor is separated 
from the precipitate by filtration, and is evaporated down to a density of I* 14 or 1*16; it is thou 
run off into crystallizing vessels, and is cooled very gradually, in order to produce large crystals. 

Bomte of lime in a raw state lias boen used with fair success, as a substitute for borax, in porce- 
lain manufucture ; but it is liable to spoil the colour. When treated by the following process, 
however, it is found to be quite equal to the sodic salt. The mineral is levigated in a manner similar 
to tliat adopted in cfilour works, and a small jot of steam is admitted into the dolly tub to proraoto 
jiurificatiori. The sand and coarser impurities arc separated in tho dolly tub, while the finely 
divided borate of lime flows on through spouts into tanks ; there it subsides, leaving tho soluble 
impurities in solution in tlie supernatant liquor, which is siphoned off. Tho borate of lime is dried 
in dishes in stoves, or in reverberatory furnaces, with a gentle surface boat, and is occasionally 
stirrtKl about, l^or coarse ware and inferior glass, it sullices to wash off tlio sand, &c., adhering 
to tho crud(3 ikkIuIoh of mineral. In using this substance as a “fret*’ for jxitters, tho consumption 
iflust bo regulated so as to have the same proportion of boracic acid as would bo represented by 
a sp(*eific quantity of borax. 

The extraction of br>raoic acid from borates of lime has been already described. There only 
romuiiis to b(5 mentioned a process sometimes employed for converting tho boratti of lime directly into 
borakj of soila. Tiiis is olfeeted in two ways, known respectively as “ wet ” and “ dry *’ ; the first is 
poculiar to Framjc, as the second is to Fiigland. Tho former closely resembhis the manufacture of 
homx frf)in Tuscan boracic acid, ulr<jady detailed. The finely-powdered mineral is h('ated with 
water in a similar way, and a quantity of (;arlK)nato of soda is added, sufficient to neutrallzo the 
previously delenniued boracic acid prostmt. Under the influence of the boat, a double decomposi- 
tion takes place, and wlion com ph ted, the coi^bus precipitate of carbonate of lime is allowed to 
8ubsi<l(\ while tho cltMir solution of borate ^ soda is decanted, concentrated, and crystallized. 
According to the koihukI jilan, a luixture powdered borate of lime and carbonate of sotla, with 
tho addition of a little sand or other siliceous substance, is heated, in a reverberatory furnace, to a 
state of incipient fusion, and is tlnm left cool, after which tlio senu-fusod mass is jxiwdered, and 
tho b<)ra.\ is t-xtructed by lixiviation jo> 

Vacs,— ’idle uses of borax are aJ(j' y very numerous, and they will doubtless increase in number 
and imjiortaiicc ns the juice is^ ^ ced l>y competition. Its chief application is for the glazing of 
all descriptions of pottery ^,^^.iiinawaro, as well as for onainelling clock and watch faces, iron 
plates, itc. In wehling jiaocessos, it is employed by blacksmiths, brass-fomiders, and eloctro- 
platcrs ; it is (Xinsui^ l^A the manufacture t»f beads, glass, and cement. Dentists find it valuable 
in making th(^ ph^es lor artificial tut tli ; plumbago pots will last much longer if first annealed 
in the oven, and tien pamteil with a strong solution of borax. Tho antisojitic and disinfecting 
properties of borax have bi‘(3U, perhaps, too little appreciated, and its application in this dirootion 
may Ix^ (fxtembxl indefinitely, especially for th^ preservation of meats, i&c., and for tho destruction of 
insect lift' ou fruit trees. For household purposes, it is t)f unlimited value, and may with advantage 
he ii])pliod to most of the uses where soda is commonly employed. Its medicinal applications are 
very numeroi^; ami to the analytical cht'inist, it is an absululo essential. This jiart of the subject 
cannot be Uxssod over witlumt referring to Major Uoss’s discovciy Pyrology “) of tho invaluable 
assislanct' femlered by Uirax in distinguishing the juesouce of the throe natural alkalies— potash, 
soda, and Htliia. * 

I ho market prices of the various boracic compounds are approximately as follows: — 

Tincul, *2Hs. ptjr cwt. ; refined Ea.st Indian borax, 2S«. to o0«. ; Oaliforniaii iKirax, 325. ; Tuscan 
boracic acid crystals, .128. ; 'lisa, ]*l5. ; English refined borax, 358. ; ditto ground, 388. to 408. 

As the imports ot bomx are no longer made a sjHJcifio item in the Custom House returns, 
Ht4itiHtic8 on tho subject are somewhat meagre, and irregular, d’ho total production of tho Tuscan 
lugoouB is estimated at 3000 to 4000 tons of boracic acid annually. The yield of the German 
boracito bods, from 18(54 to 1874 both inclusive, was, at Btassfurt, 3141 cwt., and at Loopolds- 
liall, 203 cwt., or a total yearly average of but little over 300 cwt. of that mineral. The imports 
of bi'rax from Asia into this country, in 1873-74, wore 13,013 cwt,, at an average value of 58«. B^d , ; 
and, in 1874-5, 8,(504 cwt., at 518. (5d. The ex|K>rt from Bengal jjorts, in 1874-5, was 8193 cwt,* 
value 21,835/. ; and, in 1875-15, 11, 490 cwt., value, 22,533/. According to American statistics, Iho 
oxjiort of borax from San Fmncisoo, in 1873, was ostimutoii at over 80,000/. worth ; and the tohil 
production, in 1870, was 40,258 cwt., of which England took 17,901 cwt; rim Atlantic States, 
15,101 cwt.; Germany, 1201, cwt.-, China and daptm, 890 cwt In 1877, the shipments to tho* 
AUautic Shitos Witi-e 31.571 cwt: England, 14,058 cwt; Germany, 385 cwt; Chum mid Japan, 
232 cwt.; buuth Amorioai 14 cwt In the last-mmiliouod jroar, ariiqigomouti^ W)0rq uuulo for 
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timiin*? out 200 ton* por rrionaem from tho CaMforniah late) : but this exooRaiye produotiou over* 
charged the mUrkots, eud In August, 1878, the two chief works in California agrtid to lipait tlieir 
production to 120 tons eJU‘h fior the following year. The returns of South American exports are 
a little startling. In 1874, Chili exported o8J owt, of borate of lime ; and in the succeeding year, 
Peru exported 3240 cwt. of boracic minerals, valued at 12,474/, or at the rate of 3/. 17«. {)er cwt. 

C. G. W. L* 

bromine. (Fb., Brome; Gee., Symbol, Br. Combining weight, 80. 

This element was disoovored in the year 1820, by I^lard, of Montpellier, in the mother-liquor 
of the water from the salt marshes of that place. It is, at ordinary temperatures, a deep brown- 
red coloured liquid, possessing a powerfully pungent and irritating odour, similar to that of 
chlorine, but more suffocating and oflemive. Its aqueous solution bleafhes like that of chlorine, 
" but not so powerfully, and it bears i* close resemblance to chlorine and iodine in many of its other 
•properties. It is very volatile, speedily filling with deep n d VBpt)iu‘s any vessel in which it is 
placed. It is highly poisonous. At 15^ (59^^ F.) its sp gr. is 2 • 98 ; at - 22® (— 4® F.) it solidifies, 
forming a hard, brittle, laminated mass, of a dark, loaden-grey colour, and semi-metallic lustre. It 
boils at about 63® (140® F.). It is sparingly soluble in water, more readily in alcohol, and 
abundantly in ether. Witli hydrogeu, it unites to form hydro-bromic acid, and with bases, to 
jiroduco the salts called “ bromides.” ^ 

Bromine occurs in small quantities in sea- water, one litre containing about 0-061 grm. The 
mother-liquor of aca-wator, and of the wate r of many saline sj^rings, contains such quantities of it 
ns to admit of its extraction from those sources with considerable profit. After the removal, by 
crystallization, of the greater portion of tlio snlts of potash and soda, the bromine remains 
behind, chiefly as bromide of magnohium. A current of gaseous chlorine is passed through tho 
ifii cry stall izable liquor, by mixing it with peroxide of njangancse and liydroclilorio acid in stone- 
ware retorts, and distilling the mixture. In this way, tho bromine ia liln'i-ated from the magnesium, 
tlie liquor becoming at tho samt' time of a dcjep orange-colour. Tlio bromine then distils over into 
tho receiver in the form of a heavy, dark-red liquid, surmounted by an aqueous solution of bromine. 

At Staasfurt, from the salt springs of which place by far the largest quantity of commercial 
bromine is obtained, tho manufacture of this substance was commenced by Fmnk in 1865, when its 
price was very high. A year later tho price of bromine was reduced to ono-hulf, in 1867 to one-sixth, 
and during tho three following years it still steadily di-clinod. The pro.luotion was at first 3000 lb. 
per annum, from which it rose quickly to 15,000 lb., and has, sincc^ that time, iiiereasod con- 
siderably. The modus operaudi employed by Frank at tho present time is as follows. The raw 
^^atorial is the mother-liquor which remains after removing, by crystallization, the chlorides and 
chlorides of potassium and magnesium from the solution of raw Btassfurt salt. This liquor 
coniOJkik from 0-08 to 0’15 percent, of luomine ; tho later suit do|X)sits sometimes contaiu much 
larger quantities. 

Tho apparatus used consists of a stoneware pan or retort, of a caprvc.ity of about 80 to 
100 cub. ft., set in biickwork. It is hiuited inside by means r. a perforated leaden steam-pipe, 
passing through the lid of tlic still and reaching to tho bottom, so fis to deliv«'r numerous small jets 
of sUam. The remainder of the apparatus is shown in Fig. 394. The delivery tube of the retort is 
comiectod with a condensing worm A, sur- 
rounded by erdd water ; the end of this worm 


communicates, by means of a glass adapter B, 
with the middle neck of a Woulfe’s bottle C, 
holding about 18 pints, and furnished with a 
safety funnel c, and a siphon 6, for drawing 
off the bromine. The third neck of the bottle 
contains a bent tube c, leading to a stoneware 
jar D, which is filled with moist iron filings ; 
this tube terminates in a glass cylinder d, 
which prevents it from becoming stopped up 
by the formation of ferrous bromide. The 
joints are made with lutes of clay and oil, 
bound round with parchment, The still is 
charged with the mother-liquor, peroxide of 
manganese, and sulphuric or hydrochloric acid, 
and the mixture is heak^d rapidly to the boil- 



ing point, by passing steam through it. The 

vapours of bromine passing over are condensed in the worm, and ate run into tho Woulfc’s bottle 0, 
where two strata are formed, the lower consisting of pure liquid bromine, and the upper, of a solution 


of bromine in water. The unoondense#! vapemr contains a little bromine, which renders it very 


offensive ; this is entirely absorbed by the iron filings. The first portion of the distiUato is tolcr- 
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ttbly pur© ,* but as soon as the green colour of chlorine gas is observed in the adapkT B, the distil- 
lation must bo stopped, »nd the retort recharged. * 

The bromine in the Woulfe’s bottle is always more or less contaminated with chlorine, bromide 
of lend (formed in the condensing worm), and other substances ; it must, therefore, be refined or 
rectified before it is fit for use. This rectification is cfiTectcd by redistilling the bromine in large, 
glass, tubulated retorts, the necks of which are luted into glass recedvers; the incondensable fjortion 
is carried from the receiver into a Woulfe’s bottle, containing caustic potash or soda solution, and 
thence into a vessel containing moist iron tilings. The retorts are heated by moans of sand baths; 
these have double sides, between which steam is passed. The first products of the several retorts 
contain ranch chlorine; tliey are, therefore, mixed together, and redistilled in the same manner. 
When this |^K)rtiou has boon removed, pure bromine distils ov(t, and is collected in other receivers. 
Fjom these, the bromine is run off into glass cylinders, having a cxick near tiie bottom, by means of 
which it is trunKferred into the final receptacles — strong glass bottles, fitted with ground glass 
stoppers, and liolding from 4 to 5 lb. of bromine. The stoppers are coated on the outside with rosin, 
over which is placed a lay{3T of clay luting securijd with parchment paper. Four of these bottles 
are packe<l in a wooden bix of four compartments. For the transport of bromine by sea, Frank 
evaporates a solution of ferrous hiomide to dryness, and packs the dried salt in bottles. When 
rb<}uired for uso, the salt is dissolved in water, and chlorine gas is passed through the solution in 
order h) lilKjrate the bromine. Hy this moans, all dang< r of hsikago or of loss from broken bottles 
is avoided. The bromiiu' niadf' in this way at fttassfiirt has aii advantage over all other kinds of 
commercial bromimi in that it is entirely free from iodmo. 

In iHOfi, a patent w. h taken out )iy Leisler for obtaining bromine from the mother-liquor left by 
operiititms with kainitr or (’arnMllite," or from the water of the Dead Sea, which contains, according 
to an analysis by J^artot, in 1 litre, taken from a depth of .‘100 metres, 7' 0011 grin. (0*7 per cent.) of 
bromine. Tn this process, )>ichromatc of potash anil an acid are added ; iioat is applied, the bromino 
is volatilized, and is collected in a ooiuh usit filhid with iron or steel filings. The moans employed is 
a distilling apparatus ; the acid uscxl is hydrochlorie, diluted with four times its volume of water. 
To 100 parts by hulk of the mother-liiiuor, 1 part of the acid is added, the bh-hromate being intro- 
duced ns a saturated aqueous solution. The bromide of iron formed is di.-solved by the aqueous 
vapour, and is condensed in the roeoiver. From it, bromino or any of its compounds may he 
obtained. 

The mother-liquor of varec contains iodine and bromine in about the proportions of 8 parts of 
the former to 1 part of the latter. In order to obtain hroinim' from this source, tlie iodine must first 
b© separated. U’his may be cft'i cb^d by tlirovving down the lodirit', either by passing chlorine gas 
througli the liquor till a sample talom out give^ no precipitate with chlorine water or iodide of 
potaasium; or it may Ixi separated as fiee iodine and iodide of copper by adding sulphate of 
copper. 'I'lio liquor, after tliis treatment, is inived with peroxide of manganese and strong 
sulphuric acid, the proportions Wing first (h^termined by cxfierimeut with small quantities, and 
the mixture is distilled precisely in the same way as in Frank’s process, already described. 

Another motliod of purifying commercial bromine consists in saturating it with baryta, or 
hydrate of barium. By this means, the chlorine contained in the impure bromine is converted into 
chlori<h' and hydroohloritc of haryla, and the bromiiir itself into bromide and bromate of baryta. 
The mixture is evajKirab d and igmU-d, in order to decompose the oxygen salts, and the residue is 
treated with alooliol, which dissolves the bromide of Imryta and haves the chloride. Tlie pure 
bromide is then distilh d witli manganese and sulphuric acid in order to olitain bromine. 

Bromine in the form of l>roniidc of potassium is used as n medicine, its medicinal properties 
being very similar to tl.ose of iotline. It is also administered in the form of an aqueous solution, 
compoRtul of 1 part of bromine to 40 jiarts of wahw, in cases of scrofula and similar diseases; five or 
six drops is the common do.se. The solution is used also as a kuion. Bromide of potassium is ex- 
tensively used in photography. Bromine itself is soinetime.s employed as a disinfectant. Its uso 
in th(' prepamtion of auilino dyes, in the form of bromides of ethyl, amyl, and methyl, has now 
boon almost siipercedod. A<‘eording to Roichardt, bromine may with advantage be substituted 
for chlorine in the mimiifacture of jHitassium ferricyanide. 

The toU\l annual production of bromine in Europe and America amounts to about 1150 owt., of 
which 400 cwt. arii luiwle at Stashfurt, and 300 owt. in Scotland, from the mother-liquor of varec. 

39JEIOOM-OOKN. {Scttjhum dura,) 

Broom-corn is a species of grass which is largely cultivated in the United States, for the manu- 
facture of brooms. It is chistdy allied to the Sorghum saccharattttr^ a sugar* yielding grass, which is 
another variety of the same species. Broom-corn was originally brought to the United States from 
the East Indies, and its cultivation has since rapidly extended in North America. It is cultivated 
fbr its “ brush,** the dried |>auicle8 cli>fured of the seed. The grain Is used for feeding oatUe and 
poultry. The stalks make a good manure, and are sometimes employed as fodder. Large quantities 



of the broora^m ** Iwrush are imported into this country, chicly for making oaipet-broomfi and 

clothes-bnishest * . ► 

The com used in this manufacture is grown principally in the valleys of the Mohawk and the 
Connecticut. The soil of the bottoms along these rivers possesses certain characteristics highly 
favourable to the growth of this agricultural pi-oduct Although tlie labour attending its cultivation 
is great, it is considered a valuable crop, being more hard> than maize, and less liable to ipjury 
from frost. It was a good deal cultivattMi ia the Genesee Valley some yesars ago, and is still to 
some extent ; but the product goes to supply western and local markets. The crop has become 
one of the most decided imiiortance, and it will no doubt attract the attention of farmers more 
generally than it has done; while to its manufacture into brcKuns, mechanical ingenuity and capital 
will be turned. In 18G0, 2585 tons of broom-coru, worth 85 dollars a ton, were sent away from 
Chicago. 

In Saratoga County, 60 acres of broom-corii yielded from 600 to 700 lb. of brush per acre, and on 
two acres, as much as 800 lb. per acre were obbtinod. The expense of (‘ultivating and securing 
the crop is about 10 or 12 dollars per acre. lii Montgomery County, the raising of inis crop is on 
the increase, more than 1500 acres ])eing planted. It brings from 20 to 30 dellavs per acre on tho 
field, when ready to out. About one-fourth of tho brush is made up in tl o county. In Ohio, 
hroom*corn has been introduced into some of the rich vales, and has produced, in favouralfie 
situations, about one-third of a lyon of cleaned brush, rc'atly for market, j)or acre, worth from 33 to 
43 dollars. The cost of cultivation is considered to be one-fourth greater than that of Indian corn. 
I'he yield varies witli the season ; sometimes as many ns 600 brooms per acre aro produced, with 
20 busliels of seed, worth aa much as oats for horse-feed. 

On a firm iKjlonging to the largest manufacturers in Sch<;noctndy, tho cultivation of tho corn 
Ims been simplified to tdmost as great a degree as the broom iuauu!a(‘turo. Tho seed is sinvn with 
a Heed-bi\rrow or drill, as early in spring as tho stalt; of (he ground will admit, in rows 3^ ft. 
apart. As soon as the com is above ground, it is hoed, and shOitly afterwards thinned so as to 
leave a space of a few inches hetween the stalks. It is only hood in the row in order to get out the 
weeds that are close to tho plants, the remaining space being left for tho harrow and cultivator, 
which are used freipieutly in order to keep down weeds. Tlio cultivation is finished by rimniiig.a 
small double mould-board plough, rather shallow, betweim the rows. TJie corn is not left to lipen, 
but is cut while quite green, and the seed not much past tho milk. It was formt3rly the practice to 
lop down tho tops of the corn, and let it hang for some time in order that tho brush might straighten 
ill one direction, but il is now the custom to leave tho tops until the brnsli is ready to cut, which, as 
before stated, is while the corn is green. A sot of hands goes forward, and beruls the tops to one 
side; another set follows iinintsdiately and cuts off the tops where they are bent, and a third sot 
gathers the cut tops into waggons, Ho be taken to the factory. Here tht'y arc sorted out into small 
ImnchoH, each hunch being made of brushes of otjual lomgth. Tlio seed is tlien taken off' by a toothed 
appjiratus roseinbling a l atcliel. The machine is worked by h(<rsc or steam powei*, and cleans the 
brush very rapidly. It is then spread out on racks to dry ; in ab ut a week’s time, it is dry enough 
tti bear being jiacked closely. Tlio stalks of tin* com, after the toj>8 have Ix^en cut oft’, arc 5 or 6 ft. 
liigh ; they are left on the ground, and ploughed in the following spring. It is found that this 
assiats in keeping up the fertility of the soil, so that the crop is continued for sevt.'ral years without 
apparent diminution. (See Brushes.) 

BRUSHES. (Fn., Brosfie ; Ger,, Bur'stc.') 

There is, perhaps, no domestic utrmsil in such common and constant demand as the brush in its 
various forms, and u great variety of substances have l>cen introducoil into tho manufacture to meet 
the demand. Bruslies inttn<led for hcrubhing metallic surfaces aro made of wire; those for use in 
contact with acids, of spun glass. For coarse work win re elasticity is n(»i required, twigs of broom, 
rattan, whalebone, wood, rushes, and other plants are einjdoyt <1. Tho Shakers of New York State 
cultivate a kind of sorghum, or broom com, which they use extensively in making brushea Tho 
ttlrafts of quills also are prepared and split up; and even horn, which is softened by stooping in an 
infusion of sage leaves, then flatttjued, rolled out, exteiideil and inouldoii so as to break up into 
threads. Old rope, c<iCoa-nut fibre, ami the roots and fibie.s of many other troj>ic.al plants are in 
constant use for the same purpose. For the smaller kinds of brush known as {x^ncils, feathers are 
employed, and the carefully-stdectod hair of tho camel, badger, squirrel, goat, fitch (polecat), sable, 
boar, horse, and other animals. For artists’ j>encil8, the hair of the ichneumtm, and a portion of that 
which grows within cows’ ears, is reserved. Bears’ fur, being coarse and stiff is firincijially con- 
sumed in varnishing brushes; badgers’, long, soft, and ehistic, in graining and gilding brrisbes; 
sable-tail, which is very long and very elastic, makes the finest anil dearest artists’ pencils ; oamels* 
hair comes next in value to sable ; cow’s ear hair is useful for striping and lettoring brushes, 
greatest oare is taken to prevent loss when working ug the valuable imirs, as a double handfnl of 
sable is worth 201., and camel hair nearly as mudi. But the coosomption of the prodooia above- 



mtmtioned doe® not approwsh that of hogs* bristles, which walljr fonn tho wainstey of the marm. 
facturc The 1[)est of these are procured from the wild hog of northern Eurc^e, ab^jpt five^sixths of 
tho total coming from Russia and Poland, During the Crimean war, the imports of fell off 
very considerably, and split whalebone was attempted to be substituted, but with very indifferent 
success, as it splits and wears much more rapidly. The whitest and best hogs* bristles are used in 
hair, tooth, clothes, and hat, and iho best imint bnishes. 

The bristles as received by the manufacturer, though apparently well washed and clean, have 
still to go tlirough an elaborate cleansing process. Then, or before being washed, they are assorted 
according to thefr colour (unless obtained already a.ssorkd), being classified into black, yellow, grey, 
wljitc, and lilies, or pure white. Tho “ whites arc then bleacliod by means of sulphurous acid or 
other agr'iit, and’ again assorted according to quality, length, and size. A bunch having all the 
large ends pointing the same way is taken in the hand and “dragged” through a kind of comb, 
which caiclies and removes the coarsest ones, A iiuml)er of these combs are arranged on a 
Is'.nch, each ono of the series having finer tcetli and placed nearer tog(‘tl»er. The “dragging” 
is reqKjated through each finer comb in succession, the result being a number of heaps of bristles of 
various sizes. 'I'his combing makes tho hrislles more elastic, and polislies tliem. When assorted, 
tho bristles are ready for the brush-mukor. Each operator njakes his own special variety of brush, 
five entire process being carried out by a single hand without any division of labour, except when 
the brnslv has afterwards to go to a cabinet-maker, to be finished for the market ivy having tlie back 
glued on, &c. 

llruHhca are jvrimarily divided into two classes, simple and comjxDiind. The former consists of a 
siinde tuft; the latter, of many. Conipound brushes are also capable of several subdivisions; those 
witli a number of tufts set sidt! by side on fiat boards (liko> a scrubbing-brush) are known as 
“ stock ” brushes ; and again, tlieso may be either “ }»ftir-w<)ik ” or “ set,” i. e. the bunch screwed up 
and twistc'd into th(^ hole, and ladd there by the application of cement; or they may be “drawn- 
work,” the bunch being doubled up and drawn into tho hole by means of a wire through tho 
loop. 

Siwpk Ih'iishcs (a. Round).— Of those, the most common are round paint-brushes. In arranging 
Uic fihre.s or hairs for paint-hrusln'S of all kinds, the chief object is to plae.e them so that their ends 
sha.!! come to a central jvoint, and in ili(i finer kinds, esjvocially artists’ pencils, much skill is 
requin-d to do this. TIjc brush is made Ivy inserting a bunch of full-length bristles between two 
projecting itrongH on the handle, and securing them l»y a wrapping of twine, wlvich is afterwards 
covered with a coating of glue mi\(‘d with red-h ad. In largo paint-brushes and painters’ dusters, 
tho huialU' is secured by driving the small end first into the bristles placed in an iron cup, which 
holds them fast. A new binder for Ivristlcs of painl-bnishcs consi.sls of a continuous piece of soft 
india-rubber, aitachod Ivy a cylindrical band in iho bristles below the ferrule, and by connecting 
the fverforated yoke part with the ferrule and handle. An improved method of ensuring tho firm 
sotting (vf the bri.siies in the handlo is as follows:— The bristles arc bound firmly with string in 
additi(vn to cementing, a socket is turned in the periphery of tlio handle, to receive them, and on 
the periphery at the socket end, a shallow rebate is formed, to receive the binding string. The 
(vppositii sides of the sevekei are then chamhired ofl’ dcvwii to near the flat bottom of it, so os to leave 
a shallow socket fur a cylindrical bunch of bristles; tho two prongs are curved on thoir ' 
internal \icriphory. In tho wvills of the Hocktd, are triinsverse saw-cuts, in order to allow of the 
walls yielding to the ^vressure of tlu' external himling-string, wbicli lhn.s tiglitens the hold on the 
bunch. The luvndle thus made is said to )ve cheaper, ilu' bunch of bristlc.s is shorter for the required 
elasticity, and tlu' wliole Rtruciiiri' is more durable. 

For making arlisls’ “ pencils, ’’ the delicaU' liairs from tho funs of animals are taken, and first 
washed in clean water, then snaked in warm water, dried, combed, and assorted. They are then 
arranged in buiudies, so as to fivrm a jvoint, without leaving a blunt or semggy end when the brush 
is W( t. This is done by women and children, as a vvuy delicate touch is required. The bunch is 
next fastened, and drawn throiiglv the largo end of a quill, till the hairs project sufficiently beyond 
the other cud. Tho quill, having bi>on soukcnl bofon'hand in hot water in order to enlarge it, 
alirinks sufficiently, on drying, to hold tho brush s(‘curely. Quills from geese, turkeys, ducks, 
pigiMins, quails, lurks, and other birds, are used. Brusives of this kind are also often mounted in 
meUillic cups. 

(h. Flat.)— In making flat simple brushes, siich os whitewash brushes, annular bands of copper 
or brass are prepared by spinning the metal from the fiat, so that it shall have no joints. This ring 
or band is of smaller diameter at tho front edge than at the back, and is strengthened in front by a 
Up or beiKl It is tivon pressed into nn oval form, and the bunches are inserted ; but, before pushing 
the bristles quite in, a wedge of wood is introduced in tho middle and pushed in along with the 
bristles, till their roots ore at some depth from the back of the ring, the dovetail shape of the front 
luurt causing oonsidertible pressure. The ring is then squeezed in a vioe whose upper edge is grooved, 
aud holes are made for pins or screws to go tlirough aU. It Is then warmed, and eemfont is ruu into 
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ibe hollow of the ring behind the roots of the bristles The wooden handle is tlien inserted and 
secured by naUsipr screws, or the handle is dovetailed and, after insertion, the sides of the ring are 
squeeaed down on the sloping sides of the dovetail. 

Compomd &iock Brushes, (a. Set.>—In this class ai j included scrubbing, clothes, nail, and hat 
brushes, and hair brooms, dusters, &o. Such brushes are made 1 y inserting tufts of bristles or 
other material into a “ stock ** or ** head previously bored for thedr reception. These stocks are 
out from pieces of board of the requisite thickness in such a way as to get two out of eacli width. 
The holes are drilled through a pattern hoard to ensure uniformity, this being either flat or roimdetl 
according to the brush stock used ; the holes are often bored angi.'arly to the face, or tiie face itstdf 
is round^ so as to give an outward splay to the bristles or hairs. These latter are usually set in 
by one end, giving the full length ; but where stitihess is required, as in hair-brushes, the tufts are 
doubled and then cut off square and even, forming a very hjird brush when doubled near the root 
• ends. One end of the bunch, or tlie loop when it is doubled, xn dipped into lu»t pitch or glue, then 
lied, dipped again, and quickly inserted, by a twintirig motion, in the hole prepared for its recep- 
tion ; here it is securely held by the pitch on hardening. In making nail-brushes, it has been pro- 
posed to form an oblong hole in lh<3 brush buck, with the sides dovetailed or undercut so as to hold 
a piece of pumice similarly liiaped, and placed in the hole before the back is secured to the block 
of the brush. 

(6. Drawn.)— The distinctive feature of ‘‘drawn’’ brushes is that the tufts or bunches of bristles, 
or other materials, are bent double, so as to ff>rm hwps through which wires are passed, for tho 
purpose of “ drawing ” them into place in the hob s <if the stock. There arc two ordiiuiry methods 
by which this is done. According to one plan, holes largo enough for tho bunches aii' made part of tho 
way through the block, while much smaller ones arc continued from llie bottom of tlie larger ones 
ipfito through the block. The block being thus prepared, one end of the wire is passed through tho 
loop of the first bunch, which is drawn into place ; the othi r end of the wire j)a8ses out through 
the block, and is ready to receive the next bunch in a similar manner. This procosH is repented till 
all tho holes have been filled with bunches, when tlje ends of the drawing wire are socuri'd, and tho 
whole wire is neatly v3ovcre<l by a veneer back being glued or screwed on ; tliis strengthens and 
improves the brush, and prcvimts the wires from scratching the hand and from rnstiog. After this, 
the brush is finislied up witli spokesluive and scraper, sand-pnpered and varninliod. The “ di'awing’* 
is done by clamping the drilled stock to a table. When a row is filled, the tufts are cut ofl’ to gauge 
by a shear, or, when the bristles are very sliort, this is poHtpmied till tho brush is finished. An 
expert will “ draw ” 500 holes per hour, but tho average number does not (^xeeeil 100. For the best 
tooth-brushes, silver wire is used, and string is sometimes substituted when tlio brush is liable to 
come in contact with substances which would corrode wire. 

By the other method, which is known as “ trt'panning,” tho hob's for tlio reception of tlio bunchos 
are Ixored not <pute througli the stock, and the-se ai’c crossed by otlier iiok's bored transversely 
through tlm sidcjs ; tho bristles, being then inscrteil, are secured by wires put tliroiigh the Iruusverso 
holes. Those last are tlion stopped up with i>Iugs of tin' same m. torial as tho stoi'k (which is also 
tlie back), so that they aro invisible, and tho brush looks to be mado of one solid j)ioc(5. 

The Woodbury Machine. — Quite a rev<diilion in the manuracture of sonu' kiud.s of “ compound ” 
brushes was caused by the invention of the Woodbury brush machine, whose (*bje(d is to jiroduee u 
brush having its bunches of bristles firmly bound and soeuredy lield in tho back, without the use of 
any cement or indepoiideiit fastening beyond that employed in binding the bunchos together, the 
back remaining in one solid piece. Tlie bucks, which aro introduced to tlio machine reody made, 
are prepared in the following way : — The position of tlie ho](‘s is marked by punching witli a simple 
machine and the back is then placed in the boring machiuc, whicli consists of a tw^o-spurred bit of suit- 
able size, made to revolve very rapidly and which drills the liolcs as fast as the hack can be adjusted, 
the process being facilitated by a lipokod arm whose bent end inserted in a juindx mark draws the 
back just far enough forward to bring it in 
l>osition under the bit, to have tlio succeeding 
aperture made. One such miu'hinc easily 
bores 50,000 to 60,000 holes {xer day. A (Fig. 

395) represents a portion of tho buck of a 
brush, furnished with the usual holes a for the 
reoeption of the bristles. These are collected 
into suitable quantities so os to form, when 
doubled or bent over as usual in the manufac^ 
tore of other brushes, bunches B of a size to fit tho holes a. A wire h is then passed through 
the loop formed by the doubling of the bristles, and is afterwards bent spirally around the 
bunch B, so as to bind it and form screw-threads on it, In order that when tho bunch of bristles 
is screwed into one of the holes a, the wire h will secure the bunch of bristles in the bock by forming 
corresponding female threads in tho hole, or by fitting into similar ihrismls previously made there. 
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The two ends of the wire h are eitlier carriet! around the bristles separately from each ot^f so as to 
fonn double screw-threads, or are carried around it shlo by side. The ends of^he senr^ 

upon any tendency to unscrew the bunch, to prevent the backward motion of the bmtles, and 
thus retain them in place, by reason of their (the wires’) abrupt termination, or by their being 
formed so as to' ensure engagement with the sides of the hole. 



The figures representing the machine arc Fig. 39G, front elevation ; Fig. 897, partially sec- 
tional side elevation ; Fig. 898, sectional plan mainly on line z z on Fig. 397 ; Fig. 399, section of 
device used in connection with a treadle, for stopping and starting the machine without arrest- 
ing the motion of tlie driving pulley ; Fig. 400, elevation as seen from rear of principal mechanism 
and devices for inserting bristles ; Fig. 401, enlarged section of doubling and outer plungers and 
certain attachments working in concert with them ; Fig. 402, view of brush-back centring mecha- 
nism detached ; Figs. 403, 404, and 405 sliow respectively enlarged plan of wiring apparatus, 
elevation of lower portion of doubling plunger, and sectional view of internally threaded screw-nut 
or mouth-piet^o at the lower end of the hollow or outer plunger, C is the main hrame erf tlie machine 
carrying at its top a main horizontal driving shaft D, which receives its motion from a driving pulley 
E fitted loose on the shaft. The hub c of this pulley is notched at d (Fig. 399), and works against 
a disc F which is fast on the shaft D. Pivoted to this disc is a doable<-armed pawl s, which engages 
with and disengages iVom the nutohod hub c by a spring / on the face of the diso when fwessure is 
removed from the back erf the upper arm of the pawl which is done by working a omnk lever^ by 
tbe application of the operator’s foot to a treadle connected by a rod A with the lew. On releasing 
pressure from the treadle, a spring contrivance « throws up the treadle, and bears the lever g against 
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the ripper arm of the pawl e, till arrested by a atop k on the disc, "’he pawl ia thus thrown and held ^ 
out of gear with^he notched hub c, and the maohine is stopped without arresting the motion of the 
driving pulley. This arrangement forms a very simple, smooth, quick and efficient stopping and 
starting devitse. 0 is a secondary shaft arranged vertically within the machine and deriving its 
motion from the main shaft D by bevel gear I (Fig. 397). The shafi serves to work the devioes by 

397 . 



which the bristles are fed to the plungers that effect their doubling, their binding by the wire, and 
the introduction of the bunch into the brush-back, as well as the devices by which tlio wire is fed 
to and through the bristles after doubling, and the mechanism for centring tljo brush-back under 
the bunch-inserting devices. I'hese last are worked by the main shaft D ; II is a bod on wbicli the 
brush-back A lies. This bed is adjustable up and down by means of a slide working in a guide 
frame and operated by a screw m to sot the brush-back to its work, the guide frame also being 
adjustable laterally in a curvilinear direction by a slot or groove n (Fig. 396X to give tiio bod 
various angular positions to suit backs of different shapes. J is a horizontal comb arranged over 
an upper table K, which is situated some distance above tbo bed or table H, but a little to one side 
or in the rear of it. This comb, whose teeth face the front of the machine, has an intermittent 
travel in the direction of the arrow (Fig. 398), a tooth or space between two teeth at a time, when 
feeding the bristles to the bunch-forming and inserting devices. The bristles o, represented by 
lines and dots m the figures, are placed within the teeth of the comb, so that they stand in an 
upright position, projecting for about half their height or length above tbe comb, and resting at 
their lower ends on the table K. Each intermittent movement of the comb, which is efibeted by 
a weight p and cord q passing over pulleys, causes a space between two contiguous teeth in the oomb 
to be brought opposite a twisted receiver or gauge Ii (Fig. 401), into and down through which the 

2 K 2 
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brisiletf in tho comb space ajf© passed, by the action of a cross intermittently reciproo^ing saw or 
feeder M (Fig. 397). This saw feeder has its motion communicated to it in one direction by a toe 
cam r (Fig. 898) on tho sliaft 0, working against a roller carried by a rod or arm «, which is 
guided in its course by travelling along a fixed slot t ; and in the reverse direction is worked by a 



spring u pulling oti tho arm s. i’acii forwnr<l inolion of tlio saw foodor i)rojccts a certain quantity of 
tli(^ briHilos in tho ooiiib h])hoc facing tho spiral rocinvor L into the receiver, tho diacliargo being 
aided by a crowding fork N (Fig. HP7) operating on the bristles on either sid^e of the receiver, 
through whoso sides they project. Tliis crowiling fork receives a ri'ciprocating motion for tlio 
pf'rfonuiiiico of its work from a cam v on th<‘ slnilt and a spring also an up and down motion, 
at the end of its hack stroke and when starting 
forward, l>y an incline .r on the rear sliding i>ortion 
of tho fork stern, working tlirongli a slothal gmdo 
and a spring //, which Jatfer also serves to liold 
the fork down during tlio rornairuler of its travel. 

The up and down inova inont t»f tho crowding 
fork is to onahlo tlm latter to get a prop<Th()Id on 
the hrisileB when oommoncing its ft'oding stroke. 

Tlio bristles o, as thoy are crowded down and 
thnaigh tho twisted n'ceiverL, arc turned so ns 
to occupy a hoiizontal position across llu'. i».ith of a 
vertically rcciprocaUng hristles-tli viiler and con- 
ductor N* (Fig. 401), atlacheil to the outer or 
hollow plunger F of tlu' insi'rling deviem, which 
has arranged in it the douhling plunger (^. Jk'fore <le.Ncrihing the action of tho devices which 
operate upon detached (Quantities of tho bristles ns teken by the divider and conductor N from tho 
twisted receiver L, in .‘^ize or amount corrt'spondiug to the hunches to he made, it may boro ho 
stati'd that the rtisistauc'e of the bristles in the comb space opjiosite the receiver L serves to 
restrain tln^ saw feeder ]\I from making a full forward stroke uudor th(‘ action of tho spring, and 
while tho saw leedcr is thus limited in its stroke it holds a spring sioj) a in locking jxisition 
on tho eoinh J to prevent it trom moving for\\ards,' hut, on the comb space being emptied of its 
bristli's, by tlio uoiiou ol the saw, the latter is free to move further forwards, and, by an incliiio 
b on its ta<v, is caused to temjiorarily lift tho spring slop (*', so that tho comb J is at liberty to 
move forward a tooth or succeeding bristles-holding sjmeo under the action of the weight p, to 
keep up the 8uj>ply to the receiver, and so on in sucecssiou for each comb s|)aoe till the <x>mb J is 
emptied, when it is drawn hack to be refilled. 

The bristles-dividor and conductor which passes through the delivery end of the receiver I/, 
has combined witli it on independent follower or gate R (Fig. 397), arranged above the divider N* 
and serving in conjunction with it to limit the supply of bristles fixim tho twistecl receiver L, and 
to shut off the discharge fitmi it at the periods when they nr© not required to enter tho hollow 
plunger P, to which they are conduclod by inclined upj>er edges c' of the device N***, in rear of the 
dividing knife d' and in line wiUi an oblique slot in the hollow plung(?l, within and through which 
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latter the bristles lie and project crosswise. The gate R has the lower ends of its side / ' the converse 
of the Tipper odgbs o' of the divider and conductor, so as to form an inclined passage down into the 
hollow plunger P. This gate is made capable of sliding up and down a fixed frame / under con- 
trol of the plunger P and of the springs A' A' (Fig. 400). The position of the gate when the plunger 




P is down to tho work is such that egress is 
shut olf from tho /ocoivor L, tlio gate being 
drawn and liold down to its closing position 
by the springs A'//, and biiug slightly tilted 
from a vertical position, so that when tho 
hollow plung(‘r P rises from its work, a pro- 
jection on tli(' upper end of it will catch under 
tlie back of th(‘ gate II and lift tho latter in 
common with it for a brief interval until oars 
on the side f tho gate conio opposite recesses 
in the (3dg(‘s of the fixed frame when tho 
gale will fall out of tho way of tho plunger, by 
the cars dropping into tho rocesHos. This lodes 
the gate II while tho plunger slides freely up 
over its back. The lift of the plunger P on 
the gate B is such that it establishes a clear 
space between tho top edge of tho dividing 


knife d' (Fig. H[>7) and tho bottom edges of 
tho gate R for the passage of tho bristles from tho receiver as tho divider passes up through, 
the size of tho opening being regulated if necessary by an adjusting nut A' on a screw stem of 
the gate. In the re-descent of tho liollow plunger P, so smm as its upix^r projection passes tho 
back of the gate R, the latter has its side ears thrown out of lock witli the recossosin the edges of 
tho fixed frame //', by the contraction of the springs A', to (‘ffect which, tho lower edges of the side 
ears on the gate and corresponding edges of tho recesses in the fixed frame in which they fit are 
made bevelled, so that the springs A' A' in pulling down on tho gate will first throw tho latter to a 
slightly oblique iwsition beyond the fixed frame, to ensure projection i' catching it again in the ascent 
of the hollow plunger P. The side cars on tho gate R being then released from tho locking recesses 
in the fixed frame ff', the completing contraction of the springs A' A’ next draws down tho gate bo as 
to close egress from tho receiver L, such closing action following in the wake of the dividing knifa 
d' as it passes down or out of the receiver. A deposit of bristles having been made in the oblique 
slot c' of tho hollow plunger P, the latter remains stationary for a time, while the doubling plunger 
Q comes down within it. This last-mentioned plunger (Fig. 401) is made bifurcated at the lower 
end and with longitudinal grooves V up its sides, so that in tho early portion of its descent it catchet 
on or over the bristles lying across and through the plunger P* and, as it continues its descent 
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ttlone towards a nat or mouth -piece at the bottom of the outer pluuger P, it fo^ doubles up 
the bristles into the side grooyes l\ The bristles, in being thus drawn out of oblique slot e' by the 
deseeTit of the plunger Q, and formed into a bunch, are straightened by being drawn through a 
comb T (Pig. 398) attached to, and arranged to partially surround the outer plunger P. After the 
inner plunger Q, in its solitary descent, has 
entered the nut s (which is of tapering con- 
figuration intomatly), and the bottom of the 
plunger Q of corrosjwnding shape, the wire 6 
for binding the bristles is introduced (through 
the loop formed by doubling them), by way 
of cross passages m' made through the nut s 
and the bifurcated portion of the plunger Q, 
being of a suitable lengtli to project beyond 
the passages on opposite sides of the nut. Tlie 
two plungers P and Q then move down, in 
common, on to the back A and over a hole a, 
and during the descent, or as the end of the 
downward stroke is reached, the doubling 
plunger Q is revolved, so ns to lap tho wire 

spirally around the doubled bristles, aided by female threads n' mode in the nut s. The plunger 
Q continuing to revolve in tho same direction, tho wire-bound bunch is projected through the 
bottfun of the nut, and, by i<H who binding, is made to screw its way into the hole a in the brush- 
bock. The plungcir is then slightly and slowly rotated in the reverse direction, to take the twist 
out of tho bristles, and tho two plungc'rs P and Q move back to their raised positions for similar 
action on a succeeding lot of bristles, and so on till the brush is finisliod. 




The moans adopted for securing tho ncc<.*s8ttry motions and pauses in tho plungers Fund Q are 
as follows: — f)n tho main shaft I) (Fig. 397), is a disc A', having in its front faoo a cam groove 
o', whoso configuration gives tho re([ui8ite movements and pauses to tho hollow plunger P, the 
connection with tho latter hi ing established by a pin or roller p\ travelling in the groove o', and 
carried by an arm 7', in adjusiabKi attachment by screw nuts with a vertically 
moving and guided rod /', working a vertical slide s', that carries tho hollow 404. 

plunger P. Ilie inner and doubling plunger Q is worked by an eccentric piu t* 
on the face of tho disc A', the pin moving, os the disc revolves, it> and along a 
slotted cross -head It', mainly of a shape corresponding with the circle in which 
tlio piu t' travels, and gnidod so as to have an intermittent vertical sliding action 
under tho operation of the revolving eccentric pin Tho upper eml of the plunger 
Q is attached to the eross-bend B' by a screw and anmilar groove, in order to 
admit of its having the necessary intermittent rotary as well as vertical move- 
mont. Tho rotary motion is given for tho purpose of wrapping the wire spirally 
around tho double bristles, and to screw tho bunch into tlio hole in tho brush 
book, also to take tho twist out of tho bristles when tho plungers retire. The 
groove u' in tho back of revolving disc A' works a pin attached to a lever, and 
working up and down tliroiigh n curved slot in tho main frame. By these means, 
on intermittent up and down motion is communicated to the lever w' (Fig. 396), 
and through the latter, by moans of a pitman x\ and slotted adjusting arm y\ an 
inti^rmittont vibratory motion is given to a tootbeil sector C', which is in gear with 
horiaoutal bevel piniim z\ The rotation of this pinion in either direction takes place at the close 
of the descent of the plungers P Q, and ns they oommenoe to move up again. On its arbor, it carries 
a spur whad «*, that gears with a pinion h\ to u>tate the plunger Q as required. The pinion ¥ (Fig. 
397) turns loosely on a sleovo c*, arranged to loosely surround the plunger Q, and having an 
iutennal key or feailier that fits a longitudinal groove d* in the plunger, to admit of tho latter sliding 
up and down through tho sleeve, and yet to secure its rotation by the sleeve when the latter is 
revolveil. The rutiilion of sleeve c* by pinion 6’ is effected by a cluioh tension ami frictioii device, 
csonsisting in j»art of half-clutehos /*, the former of which is fast to pinion h\ while the Inlter is 
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)oo 0 e on the sleoye, and capable of up and down motion on it towards or fVom the upper half*olutch 
03 , under oontrol%f a spring which presses at its lower end against an adjusting nut h* fitting a 
screw-thread on the sleeye, and presses at its upper end against a loose washer to bear the latter 
up against a leather or rubber washer k\ which in its turn presses up against a washer or disc 
on the under side of the lower clutch /*. By means of this spring tension and friction clutch, the 
i lunger Q, when being revolved forwards to wrap the wire around the bristles and screw the bunch 
into the brush-back, is driven with an increased force by reason of the half-clutches 0 * and /* 
operating to compress the spring and to increase the friction of tlie washers i\ A*, The force 
is relax^ when the plunger Q is rotated to free itself from the * userted bunch, by reason of tlio 
reverse action of the pinion b\ and slip of the clutch, allowing the spring to slightly relax and 
reduce the friction of the washers. This prevents tiie plunger Q, when rotated backwards, from 
uuscreaing the bunoli out of the oru«h-baok. On the plunger Q, is a grooved tapering swell m\ 
into the groove of which a spring guide n* attached to the rod /•' of Uie outer plunger P enters, in 
tlio up stroke of plunger Q, to turn or adjust and ensure the proper relative position of the plunger 
with the oblique slot in the outer plunger, and with the wiring perforations m', preparatory to the 
descent of the plunger Q to perform its work. 

The brush-back A automatically centres itself as regards bringing its holes a successively undo|j 
the bunch-inserting devices, a conical centre D', worked by the machine, bringing the hole in the 
back in precise position to receive the bunch of bristles. The centre D' is cranked or crooked in its 
attachment to a vertical spindle 0 ^ (Fig. 402), which is made capable of a slight up and down 
motion at intervals, also of a vibratory motion around its axis. The action of the centerer D' is as 
follows : Being swung to one side out of the way, it first slightly rises, and is then sprung forwards 
over or in line with the plungers P Q, then descends into the hole in the brush-back and centres the 
latter relatively to the plungers, after which it rises out of the hole, and is swung back out of the way 
to make room for the plungers to descend over the centered hole. The swinging motions of the 
oenterer on its vertical spindle 0 * are effected at prc»per intervals by a cam p®, working against a 
lever in combination with a spring arranged round the spindle o\ the lever 7 * (which works 
oil a centre s^) being coupled by a connection with a crank loose on the spindle o\ hut in gear 
with the latter by a pin fast to the spindle and slot in the crank. This slot is mndo at its 
bottom or on its edge as at a?*, whereby, in the swinging of the crank w*, and by the action of the 
spring, the centerer D' is raised and lowered as required. A sto]> lever j/\ acting against a fixed 
guide and fast on the spindle 0 *, limits and directs the movements of the oenterer. 

The apparatus for feeding and passing the wire to and through the perforations m' in the nut 
s and inner plunger Q are as follows : — E' (Fig. Jlh8) is a reel having the wire b wound upon it, and 
hung to revolve freely under the draft of the wire from it. F' is the frame of the wiring apparatus 
(Fig. 403) hung to rock on trunnions projecting from a ring b^ arranged to loosedy surround the 
shaft. The front fiortiou of the frame is forked at and rests on shoulders loniicd in the outer 
plunger P, being retained there by the action of a spring, except towards the completion of the 
down-stroke of the plungers P Q, or after they have moved a < ertain distance in common, and 
during a portion of their ascent, when the frame rests u{k)u a fixed stop, (Fig. 31X1). The 
object of causing the wiring apparatus to rest by its frame on the plunger P, during the early portion 
of the descent of the latter in common with the inner plunger Q (which support also occurs during 
the completion of the up stroke of the outer plunger), is to ensure the entry of the wire b through 
the perforations ?n' in the nut s and inner jdunger Q, and to avoid sb>ppage of the plungers wlien 
threading or passing the wires through the porforations. The wire 6 is taken from the reel E' and 
passed through an oiler /• on the frame F' (Fig. 403), and I hence tlirougli straigh timing eyes or 
cujM? <;*, and through a feeding clamp A’, and eyt^s or guides t®, on a slide G', which has a 
reciprocating motion along the frame F', and is guided by slots r*. From this slide G', the wire b 
is passed through a clamp I* on the frame F', through an anvil or cutting block and through 
a front eye or guide n\ which is in lino with the perforations in the nut s, where the fork c* of 
the frame F' rests on tlie shoulders of the outer plunger P. The food of the wire is eslablishod by 
the forward movement of the slide G' by the clamp A* till the slide is arrostcjd by a stop 0 ®, which 
determines the length of the wire to bo cut off after its projection by the feed through the per- ^ 
forations w' in the nut 5 and inner plunger Q. A spring // (Fig. 897) effects the forward or feeding 
stroke of the slide G', and a cam 7 ® on the shaft, its back movement ; II' is a cutting lever for 
severing the wire into successive pieces of the requisite length from the forward portion as it is 
projected through the nut s and outer plunger P ; it is worked respectively by a cam r on the shaft 
C, and by a spring 0 . The clamp I* serves to hold on to the wire b after each cut, and during the 
back movement of the feeding clamp A®, to keep up the supply. The clHtnps A® and ^® alternately 
grip the wire, the former gripping when feeding, but relaxing when retiring, and the latter vice 
veriid. 

More recently, an additional improvement has lieen made in the apparatus for feeding biistles 
to the machine. To provide for filhug the comb with bristles, it ia taken out of the machine, and 
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there being: duplicate combs, empty ones can be filled while the machine is at work, so that it can 
run without intermission. The novel filling arrangement shown in tho acooii^>anying figures 
enables one woikman to servo several machines. Fig. 400 shows a side view of the oomb>filler ; 
and Fig, 407 is a plan of the same. Tho comb A to be filled is entered vertically from above, 



within grooved guidt'H hh of a main frame B, Hocurod to the side of a bcmch. The bristles C are 
eut(‘red tranHvi'rs«.'ly within tl»e spares ce, hotwton tho teeth d of the comb, and so as to overhang 
both siih a of the latter in regular order, cominenring with the space l>etween the lower teeth, and 
repeating the filling o}H'riition, each t(x>th spticc, one alx)vo the other in surcession, as the comb, 
eontrolltnl by imiwIs, drops down tho grooved guides bb till it is wholly filled, when it is taken out 
from below for use in the machine, and an empty comb is inserted in the filler. Pivoted at cto 
the main frame in fitmt, is a narrow lower jaw D, on and along which the bristles C are laid, so 
that they overhang lM)th sides, being Indd in irosition by a fixed upper jaw E, which, with tho 
lower jaw, grips thetn at about tin' middle. Tho introduction of the bristles between the jaws ia 
effected by temporarily <lt' pressing tho lower one, which is afterwards closed by a spring/. 

The open edge of the comb A, whoa in place, lies immediately behind the jaws, and the bristles 
are drawn into, and more or less oompre88e<i within, each tooth space o in snocession, by toothed 
heeding bars F F, pivoted at ff, to a pair of outside horizontal slides G G, which are slotted at h 
to rtjceiv© guide pins *, connoctwl with the main frame. The toothed portions of the feeding bars 
F F He over the bristles on the jaw P, and are hold in a raided position, so as to bo clear of them, 
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by means of ^ forward traverse motion is give: to the slides wbidi carry the feedil^ 

bars, by mean! of a Jmng H, and cord or chain A. 

To feed the hrij|p©s into a space r of the comb, power is applied by foot to a treadl^below. 
This pulls upon duncate cords m, which arc connected with dogs I, pivoted on the feeding bars 
F F, and so arrang|| in relation to the slides G O and tlie stop? n, that their first action is to draw 




<lown the toothed feeding bars FF into the bristles, and afterwards to draw the bars and slides 
backwards, by wliich the bars F F arc made to distribute and pack, as required, the bristles within 
a tooth space c of the comb. The foot is then removed from the treadle, and the parts resume 
their normal position, to cfleot the filling of a succeeding tooth Hjiaee, and so on till tho comb 
is full. 

'ihie comb A is retained in position and fed or allowed to drop as required, so as to bring each 
tootii space in sucoi'ssion into the receiving position for the hristh s, by means of pawls J K, the 
former of which, catcliing in tho holes « of thi> comb, simpl> servos to kcoj) it from dropping too 
far while the latter is out of contact with the teeth of tlic comb, it being adjusted to cuter suc- 
cessively within the tooth space e, to hold tho comb at its precise required height. Towards the 
close of the back or feoding-Hlroko of the bars F F, jans on ihem strike hsvors, which, bearing 
against studs P of tho pawl K, release the latter from tho eomh to jirovide for its next downward 
fml. When the fcieding bars F F and slidcss G move forward again, a projection connected with 
them releases tho pawl J to admit of the comb completing its drop ; the pawl K being now released 
from tlio action of the lever, catclies between a succeeding jiair of teeth, for repetition of tho 
crowding of another lot of bristles within the next lootli space of tho comb, and so on till tho filling 
is complete. 

Tho Woodlmry macliino uses lirisllos. Iiair, tampico, or any otlior material equally well, and 
linnly secures tho hunclios in hacks of wood, L^jither, indiaruhlx^r, Ixmo, ivory, or other substances. 
It works 75 to 80 biinchos per minute with ilu' greatest ease, and fills an ordinary scrubbing-brush 
baiik in about the same time. 'J'hough extensively used ■ i America, this numhiuo has not been 
received with favour in England, an ob}cctit)n alleged HgaitiHl it Inung that tho wire used for 
binding the bunch occupies so much of the hole us to previmt the hunch from fitting closely. 

Bound Bnislws . — Round brushes for cleaning Indtlcs, lamp-glasses, and other cylindrical vessols, 
uro made by fastening tho bristles, which project both ways, lietwcjcn two wires, which aro then 
firmly twisted together. 

Sted Brushes . — For cleaning and ^removing sand from castings, very durable brushes aro 
made by substituting for tho bristles, a series of flat, well-tom})e,ro<l sUxsl wires. They are an 
American manufacture, and arc sold ut 5 J to 18 dollars (say 23 to 75 shillings) per dozen, according 
to size. 

Iron-mre Brushes . — Heodtal pins ef ordinary iron wire are fixed in some olastio material, which 
is thou attached to a thin sheet of metal, dished or bent so that the margin can be inserted in tho 
undercut margin of a recess formed in tiio handle or back, us scon in Fig. 108. When the metal is 
bedded down ujjon tho back a, the edges of the plate enter the rocossos (Figs. 409 and 410), and it 

408 . 414 . 411 . 410 . 



may thou be secunxi by scj-owb. If tho plato bo of steel or other metal having a degree of resilicnoc, 
it may be sprung Into place, and other fastening be dispensed with. The attachment of the elastio 
material to the plato is effected by sewing or riveting to the previously nicked or perforated plate, 
or by clam p in g over the edges of the plate, or by slitting them and turning up parts to be passed 
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tHii^ugh the elastic material and clamped down. Fig. 411 shows a margin which has been sliited ; 
either needle and thread or rivets may be passed through. Fig. 412 is an example of clamping ; 
in Fig. 413» the teeth are pointed for forcing through the material. 

By another plan, the elastic material is fixed on a piece of wood by means of plhs driven through 
the folded margin of the material and into the wood, or secured by stitches across the back, or by 
binding wire, &c., in a groove on the wood. The wood is then sciowed to the handle, or cemented 

416 . 



into a recess by sVmllao. Figs. 414 and 415 show the Hitaclimont by pins. In Fig. 414, the margin 
is so wide that it can ho folded over the edge of the wood to the back ; pins c arc then driven 
through, or tlic opposite margins at cc are sown h)gethcr across the back. Fig. 410 shows an oval 
pie<t3 of wood fitted with a groove d on the edge ; the edge of tlie material is folded over this, and 
embraced lightly by a coil of wire. In Fig. 417, the ))icce of wood is fitted into a recess in the 



handle or back/, whh'h is of papiev-nmehe, vnlcanih*, or of various moulded compositions. A hat- 
briish is shown in Fig. 418 : j is a piece of wood to which the material is secured ; it is then fixed 
in a recess formed in the wooden back A, which is covered with plush, whose edges arc folded 
underneath, hidden and secured by the back. 

Some brushes made without wooden bucks, the clastic pin-sol maiorial being slitchcil or riveted 
to a backing of leallu^r fj (Fig. 411)), to which a leather strap h is attached, forming a handle under 
which the liaiid is held when in nso. This kind of briisli is useful 
for .grooming horses, &c. It is also possible to huve a margin of 41 a. 

bristles around tJio metallic part of tiio brush ; in those having 
recessed backs, the wire for drawing in the brihllt's is concealed; 
those having Iciuther backs rc<juire the bristles to bo wired in from 
the (?dgo, as in Fig. 120, or from the back, ns in Fig. 421. In the 
ease of hrn.shos with inctul backs, such ns cattle and horse brushes, 
the hristh^s aro fixed in a strip of leather which is fastened to the 
metal ba(4c, and suitouiuIh the wire pins forming the centre of the 
brush. Cylindrical bnislu's for brushing hair and other purposes 
aro mado by Hocurmg the pin-sot imitorial to the circiiniforoiices of 
tlm cylinders : jneforably it is sown to a strip of bathci backing, and this is coiled spirally around 
the cylimlf^rs and cemoutod or tucked to them. 

Bass Bmmis. — Siueo tlu» introduction of riassaba (s(?o Fibrous Subslancos), tho luaniifacture of 
“ bass brooms” has become an important bruncli of the brush-making industry. The rough “ bass,” 
as it is culled, has to undergo a process of cutting, combing, steaming, “ mixing,” cleaning, and a 

4 423 . 424 . 425 . 




final mumit process, by which it is rendered more durable, in order to fit it for the brushmakor. The 
principal consumers of this material aro J. and G. Uorscy, of Mile £nd, who are the sole employers 
<»f machinery for making this class of brush. The backs or stocks are pierced partially through 
with holes, as by the Woodbury macliine, before mentioned, and are automatically centered for the 
reception of tho bunchos. On one side of tho machine, is a box filled with boss of tho proper length, 
and at each revolution of tho machine, a curious nkochanism, called the thief/* darts into tlic 
midst of the boss, and abstracts just sufficient to form one bunch, which, being delivered to a 
(ravelling ** carrier,** is conveyed undcsr the punch for fixing. Fig. 422 shows a section of the punch 
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desoendiog, and doubling up 41ie bunch, at the same time forcing down a son^ of steel wire 
which, wh«aldown in place, is spread out, and holds the bunch in position, as shown in Fig. 423. 
Figs. 424 and 426 show a plan and sections of the wire, the bass being removed. The steel wire is 
run from an immense reel placed over each machine, whence it descends through a series of rollers, 
which deliver just so much at a time as will sufSce to fix one b^moh. Each machine, requiring the 
attendance of only onq.glrl, can fix about 80,000Jbunoh68 per diem. Immediately the stock is filled, 
the broom passes through a set of combs, and between a series of knives, by which the surface of 
the bass is rendered flat and even. Finally, the backs are dressed smooth, und almost polished, by 
the action of a number of rotary and flxed knives. 

Figs. 426 and 427, both partly in section^how respectively a side view and front view of one of 
the machines employed in recessing wooden backs. A is a training, on which is fixed a standard B, 
one side of whose projecting head is planed and formed with “ vec slides, to receive a sliding 




carriage 0. In bearings formed in bosses on tliis carriage, a cutter spindle I is fitted to rovolvo, 
receiving motion from a strap m. The carriage ciiu ]>e slid to and fro by means of a screw operated 
by a handle n, and working in a nut fixed the carriage, as in the ease of a lathe slide rest. A 
shaft 0 is fitted to revolve upon an inclined axis, in a bearing ;> fixed to ilio fraiiiing of the machine. 
On the upper end of tliis shaft, is fonned a head 7 , wliich is planed and made witii voo slides, and 
upon this head a table D is fitted to slide. Corresponding parts are seen in Fig. 428, which iilus- 
tratos a modification in the machine. To the under si<lo of the table, are secured two curved guide 
blocks rr, fitted to revolve around and in contact with an annular guide ring s, which is bolted to 
the table, but can bo adjusted so as to bo more or less eccentric with respexit to the axis of the shaft 0 . 
If the ring s were fixed so as to be concentric with the shaft e, the table D would revolve with the 
shaft without sliding upon the head g, but when the ring is eccentric h) the shaft, tlio table is made 
to slide to and fro on the head during each revolution. The table D is prepared to receive and hold 
In position the wooden back which is to be receased. In the figure, the back raaiko<l E fits into a 
recess in the face of the table. A cutter F is fixed to the lower end of the spindle 1. A revolving 
motion is imparted to the shaft 0 , by means of tlie worm and wheel G, the worm being fixed on 
a shaft #, driven by means of a strap. The buck to be recessed is placed in position on the table, 
the carriage C having been slid away from the standard, so that the cutter would clear the work on 
completion of the back last operated upon. When the work is in jxisition, the shaft t is started^ 
and the work is thereby caused to revolve, and also to move to and fro in a direction across 
the axis of revolution. The carriage 0 is now moved in the direction indicated by the arrow, by 
turning the handle «, by which the cutter is brought into contact with the work. The movement of 
the carriage being continued, the cutter recesses the handle in all directions aw ay from the centre, 
and, by the combined rotatory and rectilinear motions of the work, makt^s the recess of an oval form. 
The cutter is so formed that wheu the recessing is completed, which completion is determined by 
the farther movoment of the carriage being arrested by a stofi, the margin of the oval recess is under* 
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cut, as indicated in Fig. 408. For some purposes, the recess does not require to be under-cut, nor 
the bottom of the recess to be raised in the centre, for instance as in the case of Fi^. 417. Th© 
action of the shaft o is then made vertical and not inclined. 

Fig. 429 is a side elevation, partly in section, of a modification of the foregoing machine when 
made self-acting to a greater extent. In this case, the table D revolves upon a vertical axis, but 
ill other respects is arranged to act in 
the same manner ns the table in Figs. 

426, 427, and 428. The cutter spindle 
I revolves upon an axis whicli in in- 
clined with reH])Oct to the axis of the 
shuft 0 , by which an effect correspond- 
ing to that of the first muchine is 
obtained ; it revolves in bearings in a 
carriage C, which is fitted to slide at 
right angles to the axis of rovolulion 
of th<i cutter sinndle. A worm m, fix(‘d 
on yic shaft o, and gearing witli a 
worm wheel fixed on a cross shaft r, 
imparts a rennparativoly slow revolv- 
ing motion to the shaft, whicli n'volves 
once during the ro(eHHing of a buck or 
handle. ll]»on tlio shaft, is fixcnl a 
cam I, on which rests ora' <aKl of a 
lever f(\ which is fixed iijion n shaft J 
mounted in hearings. Upon the saino 
shaft, is fixed a B(‘cond lever .r, the 
free end of which is connected by a 
link ar ' with the carriage 0. This 
connection is made ca[)nblo of adjust, - 
nuMit. In the figure, the link is 
jointed to a nut, in wliicli works a 
screw y, uiounU'd in tlu^ carriage in such a manner, that when the screw is turned, the carriage 
is moved in one diri'ction or the other, whihi the nut renmins stationary. The cam acts upon 
the lover u\ to ('fiee.t tlu! sliding of tli(' <‘arriago U in the direction indicated by the arrow. A 
weight Tj, attached to a chain which pas-ses over two carrier pulleys z tends to move the caniago 
forward in a c<uitrary direction to 



that iinlieated, and thus keeps the 
end of the h'ver u' jin'ssed upon the 
cam. A second cam INI acts upon a 
k'ver (//mounted on the sliaft J, and 
cionnected by a rod h' with tlie strap 
guide bur of a counter shaft motion, 
from which the cutter siiiiulle and 
the shaft i arc ilrivt'ii. When a back 
to 1 hi r(‘COfl»ed is fixed uixui the tal)le, 
and the machine is set in motion, the 
cam J slowly raises the end of the 
lover MJ, by whieb iho carriage C and 
the cutter Hi>indlo are movi'd in the 
direction indicntiHl, and flu; recessing 
is cflfoctod. When the recessing is com- 
pleted, the cam permits the wt'ight to 
move back the carriage C, and, during 
this backward movement, the cam M 
begins to depress the end of the lever a', 
and thus to shift tlie straj) which drives 
the counter shaft on to the loose pulley, 
so that by the time the backward 
movement of the carriage is otmiplotod 
Uio action of the macliiuQ is arrested. 



Untshes xaith Cdluhnl Biicks.’^-lu making brushes with books of celluloid or other similar gub- 
staucea, the material is formed iu moulds in two parte called half-shells. On© of these is perforated 
with a scries of holes for the tufts of bristles, whose inner ends are secured hy being matted or ironed 
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down npcm the under side of the Imlf-sholL A thin sheet of plastic material is now laid on, to 
farther aeoufc the bristles and keep them in position, this being covered with a wooden core 
extending into the handle of the brush, and strengthening it. This again is covered with the other 
unperforated half-shell, which forms the hack of the brush, and the whole is then subjected to heat 
and pressure in a die, so as to mould the ooraposition together, «nd close the holes about the tufts. 
In this way, a strong, cheap, and durable brush is obtained, In which there are no seams or joints 
to open during use, no cement to crumble and admit moisture, and no threads or wires to break off 
or rust out. 

Brush-making is a trade which may be carried on upon aim st any scale, according to the capital 
at command. A man may start alone with half a dozen tools and a five-pound note, or ho may 
employ hundreds of hands, and any numbi r of machines driven by sfeain. The manufacture is not 
confined to any particular place or country, but is spread proraiscuau,‘'ly over every civilized land. 

Imports and Exports, — Tlie imports of bnishvjs to or exports from the United Kingdom are so 
trifling as not to be specified in the trade returns. The imports of bristles for brush-making, in 1877, 
were, from Russia, 1,102,834 lb. ; Holland, 200,457 lb. ; Chiua, 100,000 lb. ; Germany, 900,614 lb. ; 
United States, 73,045 lb. ; Belgium, 63,557 lb. ; France, 67,894 lb. ; other countries, 26,253 lb. I'ho 
exports for the same year were, to Belgium, 41,175 lb., value. 3219/. ; otner countries, 57,78(j lb. 
value, 8649Z. 

BUTTONS. (Fr., Bouton ; Ger., Knopf,') 

Buttons may be said to mark the difference l)Gtw'Oon ancient and modern styles of dress. The 
ancients, like the Easterns of to-day who have not put off old costumes for now, delighted in loose 
and flowing robes, rather flung around the body tlian deUberi^teJy put on ; but from th(j time of the 
^ Roman toga downwards, tbore has been a gradual departiu’o from the antiquated dress in the 
countries of the West, and the fate of loose robes was sealed by the invention of buttons about a 
century and a half ago. The first end to which buttons were api)lio<l was that of ornament, and 
consequently in their earliest forms tbt‘y were splendid and costly ; but men soon recognized thoir 
utility as a fastening for garments, which might thus be made less incommodious by reason of their 
fitting the person closely. 

It would be difficult to cnnmcrHii^ all the substances wliicli of laic yvwrn have b(3on made to con- 
tribute to the manufacture of buttons; but chief among them ma> be naimd gold, silver, copper, 
lead, iron, steel, brass, pewter, pearl, tortoiseshell, sluOl, ivory, boiu', liorn, hoof, Iniir, silk, Florentine 
(satin), linen, cotton, velvet, clotli, iiidiarubbcT, gutiapereba, vulcanite', wood, amber, jet, glass, 
porcelain, enamel, clay, precious stones, leather, paj>i(‘r-niache, bedel nut, vegcjiablo ivory, or Oorozo 
nut, and Manton’s patent mineral enrtb as a substitute for tluj Inst named. 

Metal Buttons, — TJiese are imide in two ways, ('illuT with a mohilJie .shank for atlachrnent to the 
garment, or perforated to admit the fifissagc' of the thiead tlirough tljc button itself. In the former 
case, they are usually maun laclurod by pnncliing discs, out of sheet brass containing somewhat less 
zinc than ordinary brass, trimming the edges to remove :he “bur,’ and plainMiing Ibo faces 
under the action of a hammer to form the face of the button. Tins is emboHH('d at tlu^ sauK^ momont 
that the maker’s name is stainpid on the hae.k l>y means of aonco and dies. The shanks arc 

foiinc3d of wire, wdiich is run out by machine ami cut off' in sections of tlic pioper haigth by a pair of 
shears, while a stud de.s(‘ciul8 on the middhi of the detached section, ami forces itlietwi'i'n th (3 jaws 
of a vice, which give it the form of a stajilo or loop. It is then hovelled by a blow froiii a small 
hammer, and dropped into a box. About n hundred of thc'so slianlcs are taken out at a time and 
placed in position on the discs for which tJiey are int(*nded, being retained for tho moment by a 
bent strip of flat iron. A scrap of sobh r is laid at tin; foot of each shank, and tbo whole set arc 
then put on an iron plate, and heated in an oven till the solder melts. Dn cooling again, it fixes 
the shank, and forma a backing to the button. Each button is then turned separab ly in a lathe 
S}XJCially adapted, and afterwards gilt, electro] dated, or tinned, as may brj required. When tliC 
face only receives a plating, the buttons are known ns “ toj>s ” ; when the whole is thus treated, 
they are called “ all-overs.” Though the gilding is exceedingly thin, it will receive a polish wdth 
agate or bloodstone burnisher. 

Metal buttons without shanks are turned out by Htumjiing simply. 

Cast buttons are pro<luood by suspoudiug a mimbcT of lofips of wire— the shanks, with thoir 
ends expanded, in impressions in a mould, and pouring in ilic hot metal around thorn. When 
oold, the buttons are freed from sand, and chucked and turned iu a lutlio, when tlif3y are ready to 
receive polish or plating. 

Livery buttons are now probably the only ones on which the die-sink<3r is employed, they 
being the last remaining trace of the ornamental application of buttons. 

Cimred Meted Buttons , — These consist of three essential ports— the metal framing, the textile 
covering, and the stuffing. The metal employed is exc>e©dingly thin sheet iron, known as 
’ made in plates measuring 14 in. by 10 in. The thickness genomlly used is No, 3C or 38, 
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and the quality yarios with the choice of the manufacturer. This is first scaled, the soideitiiBiQg 
remoyed by acid in order to preserve the tools, and then passed under a special pundiif This punch 
is double, the outer portion cutting a drcnlar blank of proper size, while an inn^'f^nch descends 
and forces the blank on to a die, so that its periphery is turned upwards, or so that ihe entire 
blank is rendered hemispherical in shape. These “shells” are next annealed in an ordinary 
furnace, and tlien conveyed to a horizontal revolving barrel, where they are tnmbled with sawdfist 
till thoroughly cleansed from all dust and grease. The under portion of the “shell,** known 
as the “collet,** is a somewhat smaller disc than the face, and is stamped out in an almost 
precisely similar manner, the inner part being punched out, leaving it with an annular shape. 
As the under side of the button is exposed, one face of the collet is japanned. A circular 
piece of the textile fabric to bo used for covering the button is cut out by a die Of the proper 
dimensions, and a pad or stuffing made of soft paper, silk, and thread (or sometimes of Specially 
prepared paste-board covered with a bit of canvas) is punched into shape and fitted into the 
vacant space between the two metallic discs — face and collet. The discs, stuffing, and cover 
are united to make the finished button, by stamping them in a press with concave and* Con- 
vex dies, the shank of soft material, through which the needle is passed laterally, protruding 
through the aperture in the collet. The press used in finishing the button is shown in Fig. 430. 
A is a fixed mandrel, B a sleeve thereon supported by a 
spring 0. On upiwr mandrel D, is another sleeve* E, 
sustained by a cahib F. The lower face of the mandrel D 
is hollowoil, and a projecting annular portion of the upper 
8loov<3 enters a corresponding fiortion of the lower one E. 

In using the machine, a shell is placed over tlic lower 
mandrel, and above it is laid the t(5xtile covering. The 
worlonan then caustis the upper mandrel to iloseend, by 
which the covering is pressed down around the shell, and, 
by the return upward movement, both covering and shell 
are carried up inside the sleeve E. Then is inserted the 
annular pitico O, provided witli a cavity suitable for 
receiving the combined collet, luft-pieco or shank, and 
stuffing, the last knng uppermost. The upper mandrel is 
again brought down, and the shell is thus forced into the 
collet with its accessories, the coV('ri]ig being at the same 
inomont turno<l undor. This particular form of button is 
called “iron-hack,” and is shown in its finished state in the 
figure. In another variety of the same class, known as 
“ silk-hack,” the face consists of shell and cover, while the 
liaok is comiwised of four layers : — A concave circular piece 
of taggers iron somewhat sinuller than the shell, a paste- 
board blank, a canvas blank, und outside of all a silk 
blank. Those are put togt^thor in the manner already do- 
Bcribod, and then a nipple for attachment to the garment is 
made by a press. 

The oldest and largest button-making firm in the United States turn out about 65 millions of 
iron-backs per annum, consuming for the purpose about 500 700 lx)xes of taggers iron, each 

weighing 112 to 120 lb. Tlie iron is of tlie very best quality, such as has only recently been 
produced in America. Tho various coverings— lasting, brocade, twist, &c., and tUe canvas for 
forming the sliunks, are all imported from England, Franco, and Germany, 

Another method of making covered buttons is as follows. The disc for the shell Is left flat, and 
tlie back piece or collet consists of a smaller circular disc, with a round hole in tho centre and 
having its edge cut into eight sharp points, which uro so bent as to form ncmrly a right angle with 
tho disc, but inclining slightly inwards. To complete the button, three pieces of paper and two 
pieces of cloth arc re(iuired, and uro arranged in the following way. On the cloth forming tho 
outer covering, is laid a pieco of paper of tho same size, iqwn which is placed the iron disc forming 
the shell : this is overlaid by another puoo of paper the same size os tho shell, and this again by 
a small piece of paper to help form tho shank ; next comes a piece of coarse cloth, and finally the 
metallic collet. In putting on the back, the covering is gather^ up over all the materials, and the 
|)olnt8 which are already inoliuod inwards are passed down into the covering, forming eight little 
hooka, which hold tho button together in a neat and efieotual manner. The t>aper stuffing forces 
the cloth to protrude through tlio hole in the collet, forming tho shank for attaching the buttons. 

Ptfivri buttons , — Tho manufacture of buttons from mother-of-pearl is an important branch of 
industry, and is distinguished by the fact that no elaborate machinery, and not more than a few 
shillings of capital, are required. The whole work is done by means of a lathe and skilled hand 
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labour, foay ^cieut vro^kmxi can carry on the nmnuflacture alone, and a« a con* 

aequenee, th& i^tioular kind of button-making is cerried^on by a large number of persona, each 
engaged in a vary small way. There are several varieties of pearl, all composed of the nacreous 
gum secreted by several species of mollusc^ The finest and purest specimens are obtained from the 
wblte^ged Macassar shells, imported from the East Indian 8ea», and worth in this country about 
ipH. to 1604 a ton. The yellow-edged Manilla shells are similar ; but the yellow tinge on the 
b^der reduces their value, and they are at the same time more brittle. This variety is principally 
used in Sheffield for delicate knife handles, end fetches 100/. to 120/. a ton. A smaller and less deli- 
cate variety is found in the Persian Gulf and Rod Sea ; they ar known as Bombay and Alexandria 
^ella Their quality is very various, and prices range from 30/. to 70/. or 80/. a ton. The islands 
of the Pacific Ocean yield a so-called black shell, which, when polished, throws out a dark shade 
full of rainbow tints ; portions idso, when properly turned, give a whit»> button, nearly as gcwd as 
that from the best Malacca shells, Tlio last and lowest variety, also from the Pacific, is the 
Panama shell, worth 20/. to 80/. a ion. The motber-of-poarl is cut out of the shell by a small 
cylindrical saw ; the disc is turned in a lathe, and, if thick enough, split to make two. A “ dove-tail " 
hole is drilled in each button to receive the shank, which is fixed by a slight blow with a hammer, 
thus expanding the lower part into the dove-tail so as to prevent its being easily withdrawn. 
The waste from pearl-cutting has been utilized for button-making, by grinding it to a fine powder, 
and mixing it with gum, to form a paste, which, on heating, may be pressed in moulds. The 
beauty and iridescent brilliancy of mother-of-pearl are owing to thin plates overlapping each other 
unevenly, and dispersing the light as they reflect it. Ornamental flutings and corrugations are 
formed in the lathe by means of an eccentric chuck and slide rest. (See Pearl and Coral.) 

Porceiain Buttons . — The process of manufacturing porcelain buttons resembles that of making 
Wnall ornamental articles of earthenware. The moistened clay is pressed into plaster of Paris 
mdulds, carefully placed on boards to dry, and then taken to the biscuit-oven,” where it undergoes 
the first firing or baking. The baked clay is now colled “ biscuit,” and is ready for tho painter or 
printer. A great number are made nncolourcd ; but many olso, both with holes and shanks, are 
partly or wholly painted, some with simple, others with complicated designs. Tho painting is 
effected either by hand or by transfer printing: in either case, tho colours are “fixed” by the 
articles being baked in a muffle furnace or enamel kiln. In transfer printing, tho design required 
is printed from copper plate, by means of a peculiarly prepared ink, on thin tissue paper, which is 
then placed, while tho impression is still moist, upon tho biscuit ware and allowed to dry, after 
which it is removed, tho design having become transferred from the paper to tho biscuit ware. The 
design is tlien burnt into the article in a muffle furnace. This baking effectually removes the oil 
u^l in preparing the colour, and leaves tho button ready for tho glazing process. Each muffle 
nbriiacc is furnished with a little tramway, which traverses the interior of the furnace and projects 
forwards into the bakehouse. Tliis tramway is provided with small, flat, movable iron platforms, 
on which the “ frames” ooiitnining the buttons arc carefully piled and then wheeled into tho oven, 
around which a steady fire is kept constantly circulating. \\ hen tho baking has been completed, 
the button is subjoctexi, if required, to the glazing process, which is tl^e same as that used for common 
porcelain, after which the shanks are a<lded, (b’oc Pottery.) 

Glass Buttons are moulderl by pincliing the material, while in a half soft condition, in a pair of 
hot pinchers, which are furnished with a die if it is desired to impress a design on the buttons. 
(See Glass Manufacture.) 

Shirt Buttons . — Common white shirt buttons are made in the following way. Finely powdered 
steatite is saturated with soluble glass, tho mixture is dried and repulverized, and the powder thus 
obtained is pressed into moulds by suitable 
machinery. It is then fired or baked in fur- 
naces, again dipped in soluble glass, and a 
second time submitted to the furnace. When 
cool, the buttons are polished by being put 
into a rotating barrel with water, then dried, 
and again polished by rotation in a similar 
barrel with soapstone powder. 

Turned Buttms, — Buttons made from ivory, 
bone, horn, woods, and such like substances, 
are turned in a button lathe (Fig. 431), and 
the holes, varying in number from two to four, 
are drilled, while the button is in the lathe, 
by mos^us of long drills converging towards the 
button and forming all the holes at once. The cutter of the lathe is like a centre- bit, only both wings 
are cutters instead of one being a router. Gn the tool revolving, the centre pin transfixes the sub- 
stance, and the wiugs ci^ulating cut out a round disc, which is advanced towards the cutter by a 
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sliding bar in the bade poppet bead. In the machine represented in the figure, the moving jaw of the 
dutch is forced against the blank by a spring, and drawn back again by a depression nf the treadle. 
The bits are brought singly and alternately against the blank, being moved thereto by the bell- 
crank hand-lever. The woods chiefly employed are ebony, boxwood dyed black, and cocoa-wood. 
The so-called vegetable ivory or Oorozo (Corosso, Corusco) nut consists of the hardened alburn^ of 
the interior of the nut, which is the fruit of a species of palm, Phytelcphas macrocarpa, imported 
from the northern part of South America and from Central America. The nut grows in bunches 
as large as the doul)le fist, but less than half of it is fit for use. It is milky white, lighter and 
softer than ivory, easily turned, and will take any shade of dye. Its value is about 25/, to 30/. per 
ton. (See Nuts.) 

Button-mwilds. — These are little turned wooden discs pcrforatc<l in the centre, and exactly 
resembling miniature quoits in appearance. They form the shell over which a covering of cloth or 
other textile fabric may be sown, so that the pattern can always resemble that of the garment on 
wljich the button is used. They are priucipnlly made in tho south of France, where suitable wood 
is not expensive, and are imported into tliis country by millions. They are used almost exclusively 
on wom©n*B and children’s attire. 

C utton Machinery . — During tho last four or five years, several improvements have been effected in 
n making and ornamenting machinery, the principal of which will now be described. 

An ingenious invention for polishing or finishing buttons made of horn, hone, wood, or Corozo 
nut, consists in subjecting them to frictional contact with prepared chalk, imlvcrizecl cljarcoal, or 
other fine cutting material, mixed with sjnrits of turpentine, najhtha, or such other liquid as, unlike 
water, will not raise the grain ” of the suhstance of which the buttons are made. Tliey are by tin's 
means brought to a hoth r finisli in a few liours than was hithert(t possible in several days. When 
it is designed to ornameTd the buttons l)y “ lining ” or marking tlu*m with slmrply-defined annulat* 
lines, they are Huhjcctecl to frictional contact under pressure of a die having an axial movement, by 
which, in addition securing the retiuisito smootli surface, the colour of any dyes previously 
applied is rendered moie vivid and bright, and the “lines” are made without the raggedtiess of 
contour r('H\diing fro?n the mho of a cutting tool. 

Fig. 432 shows a vcrtioiil section of the apparatus employt d in judisliing and “ lining ” buttons, 
on the liiK^ xx, Fig. 433, which is a horizontal seel ion on the line y y of Fig. 432. In lU’actice, tho 
buttons arc taken citlier as they come fn)m the lathe, or, when coloured, os th<‘y como from tho dye, 



and any desired numhov are mixed with about t\vic(‘ their volume (more or loss) (►f prepared chalk, 
or other fine polishing substance; to the whole, is added a cjnantity of spirits of turj:>ontine, or 
naphtha, or, failing tliese, nlc(»hol or kerokmo may Ix' used, but with inferior results. The mass is 
then plactKi in a comnum.. tumbling box, which i.s made to revolve for several hours, varying 
according to circumstances, and continued until the requisite araoothuess of surface has been 
obtained. 

Tho l)od A is provided at its forwnr«l end with a fiat circular disc or carrier plate B, 
furnisUeil at its periphery with radial teeth a, and, concentric with its axis, with an annular 
series of holes ft, those holes havittg a dimension and form corresponding with those of the 
articles to he polished, and extending quit© through the carrier plate. .The carrier plate itself 
is furniahcil with a downwardly projecting axial shaft c, which works in a bearing formed in 
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the fixed plate C, which last closes the lower ends of the hoies b, except as presently described. 
At the baok^of the plate 0, is a vertical guide a', in which works a lifter D. Upon the upper 
end of this lifter, and within the guide, rests the die E, wliile around the upper portion of 
the guide, is a steam chamber furnished with steam pipes d connecting with a generator, and 
designed to heat the die E by circulating steam through the chamber. Arranged vertically, 



coincident with the lifter D and the dio E, is a rotating die F, working iji bearings provided in the 
lower part of the sliding head CJ, which moves in suittiblo guides A' fixed upon tho bod A. This 
head carries an upright shaft G', upon tho uj)per extremity of w'hich are fast-and* loose pulleys 0 
and B', and which carries at its lower end a pinion 1)', gearing into a spur wheel F'on tho rotating 
dio F. The pulleys have a Ixdt G* running to a shaft. Tho position of tlic two dies K F is such 
that, ns th<^ carrier plate B is intermittently rotated, the hok's will pass in suecession immediately 
between the dies, to pormit tho upper or rotating die to passthrough ilio holes, to act in conjunction 
with tho low('r die, which remains lixod exc<‘pt when lifted to discharge the finished articles. A slot 
is formed in the i)late C, eoincident with ilie adjacent porlion of tho serie.s of holes ?>, and indicated 
in dotted line at e in Fig. 433; below it is an oiitk'i elinte f. The lower oxtreinily of the lifter 
IJ is slotted, to allow a lever to pass through it, one end of which h'vtu' is pivoted al one side of 
th(3 frame A, while the other end is curved upward to rest u]M)n a cam on a shaft JI extending 
idong the opiKisite side of tho frame. The shaft 11 has a Rj ral disc h at its forward end, which 
gives an intermittent rotary movement to the carrhw pluti', insuring th(3 retention of each hole b in 
succession above the dio E and ImbIow the die F for a ccrlain dedlnite time. Tho sladt II gears by 
bevel wheels nr with p bell-crank sliaft J, driven by spur g<XArH st from a driving sliaft K furnished 
with a pulley u for a driving belt. L is an elbow lever, whose extremity e" is pivoted to the lower 
j>art of the sliding head G, and whose free end connects by a pitman lo with the crank m of tho sliaft 
J. To the bend of this elbow lever, is pivoted tin; bar ^r, whose njtper end is pivoted to tho fixed 
guides A', in such manner tliat tho bar ami tho i)art f/' of ilio (dhow lever form together a toggle 
joint, callable of giving a vertical raovement to the head, from tins rotation of the crank ; the down- 
ward stroke of tho latter continually increases in power as the toggle joint straightens. M is a 
bellows which, being actuahjd during tho downward stroke of tho crank m, by the striking of the 
stud m" of the elbow lover L upon tho arm n” of tho ladlows, sends a putf of air iliroiigh its nozzle 
r" to blow away any dust which may have accumulated ujron or near the dies. Tho method of 
operation is as follows: — The buttons are placed singly iu the holes 6, and by the movement of tho 
carrier plate are brought under the rotating die F. Tho movement of the carrier being suspended 
for a moment, the sliding head G is brouglit down with great force by tbo straightening of tho 
toggle joint, the dio F on the head G being ruoanwbik.‘ rapidly revolved by tho action of the belt on 
the fast pulley O'. As a conee/|ucnce, tho button is subjected simultaneously to groat prosaure and 
to the frictional contact of the die F upon its upper or outer surface, the force of tlie die corre- 
sponding in contour to tho surface of the button. It is thus efiectually smootlied and burnished, 
the colours are brightened, and tho lines are sharjiened without crumbling. This operation con- 
cluded, the continued working of the machine lifts the dio F, whereupon tho cam m raises the 
lever g, while the lifter D forces up the lower die till its top is level with tho upper surface of the 
plate 0. Then the action of the cam h on the teeth a turns the carrier plate B, until tho hole oon- 
tainxng the button is brought over the slot whereupon the button falls into the chute/, away 
from the machine. The same movement of the machine also brings the next bole into proper 
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po»ltioii with regard to the dies, so that the whole operation is oontinnons, and the work is per* 
formed with speed and economy. ** 

Figs. 484 and 485 represent an apparatus used to give a coloured ornamentation to buttons. 
N is the supporting framework, furnished at top with two longitudinal guides a, upon which runs 
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a carringo P, having an upright cleat 6 at each end. Between these cleats, is extended a* series .sf 
tightly drawn parallel threads *, whose distance apart will correspond to the space desired between 
the colour markings on the l)utton. In the bottom of the carriage P is a disc, flat on the top but 
spiral beneath, fitting into a seat in the carriage bottom in such a way that when turned by moans 
of the thumb piece c on the shaft / it will be raised, and, constituting the cam c, will lift the board 
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K placed upon it. This board is indented in its upper surraoe with numerous cavities a, which 
rooeive tlie buttons to ]»o oriiainented, andrebiin them with their upper surfaces projecting somewhat 
above the cx)rroH])ontUng surfaco of the board. By turning the disc or cam c, the board is lifted till 
tlu^ buttons am brought up s ugly against the threads t. W is tho shaft of the cylindrical 
brush and hns a pulk'y a* furnished at tho outer end with a crank h\ Upon the frame below, 
arc two pulleys c,/; at the outer end of tho carriage P is a pulley <7, and at the inner end a hori- 
7.<nital arm A carrying a pulley »*. An endk'ss band Jc passes over these pulleys, and upon the 
extremity of tho arm A is a cam lever ^ , by which on occasion the band may bo gripped against the 
pulley i*, ihoroby attaching the carriage for tho time l)eing fo a definite point of tho Imnd A. Under 
this condition, tho rotation of tho crank in tlie direction of the arrow causes the carriage to be 
drawn inward, passing undorueatU the brush, and at a speed bearing a proper proportion to that of 
the rotation of tho brush. Behind Uie brush, is a trough C containing the liquid colouring matter 
to b© applied to tho buttons, and revolving in it is a feed roller D, working in contact with the 
brush and supplying it with colour, while E is a scraper arranged behind the feed roller, and 
regulating tho thickness of tho film of colour. The roller is rotated by gear wheels W U, or by a 
band running on pulleys. In front of tho briith, parallel to and in contact with it, is a trough- 
shapt'd spattering bar F, below which, with its otlge projecting a little farther back, is a secondary 
trough /*. 1 ho effect of working is that the carriage is drawn back towards and imdef the brush 
slmultanc?ously with the rotation of the brush, which latter is charged with liquid colour from the 
feed roller, and its liristlos striking forcibly against the spattering bar, the colotir fiptitters in fine 






BUTTONS. 


663 


drops upon the snifaee of the bottonfl not protected by the threads, dyeing that portion of them. By 
turning the booM half round, the pattern may be made in checks, and various other devices may 
be produced by modifying the disposition of the threads. In order to change the position of the 
bomd or to remove it» it is only necessary to turn the cam Cy which lowers it. The object of the 
seoottdaiy trough /* is to catch from the brush any large drops whicii might otherwise fall upon the 
carriage during ihi movement below, and thus spoil the work. By loosening the cam lever after 
the carriage has been brought to the rear of the frame, it may be run forward to its original position 
without the pulleys and band. 

A simple method of mottling Corozo nut or vegetable ivory buttons consists in inserting in the 
^pot containing the mottling liquid a vertical pipe ^r tube extending to very nearly the bottom, and 
from which a conical pipe is supported horizoutally and at right angles to it. The nozzles of the 
pipes are brought close together, so that by blowing or forcing air into the horizontal one a spray 
of the mottling liquid will be causcnl to rise in the vertical one, and is thus directed on to the buttons. 
The simplest of the many ways in which these pipes may be arranged is seen in Fig. 136. A is the 
pot, to which the vertical pipe B is secured ; C is the horizontal pipe held in place by the support®. 
Stripes, checks, or other patterns may be produced on the buttons by means of the frame D, Fig. 437, 
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around which are arranged any desired numl)er of pins or hooks d, wlicrcon is secured netting of 
silk, twine, or wire c, or the threads may be stretched from pin to pin so as to form a variety of 
patterns. The frame with the pattern is placed over the buttons, and the mottling liquid is then 
blown over thorn in the form of spray. Devices may also bo stamped in thin metallic or oth(jr 
shcots. The proposed compound for polishing vegetable ivory buttons is 4 pints ivory nut shavings, 
^ pint prepared chalk, | pint terra Tiipula (Tripoli), J pint terra Vitiuia, and ^ pint pumice. 
'J'liis quantity will generally suffice for fifty gross of buttons. The buttons and compound nro 
})laced together in u vessel, and rotated or shaken till sufticieni p(»lish has been imparted. Atjy 
of the fom* lost ingredients may be used separately, but always with the ivory nut shavings. 
They may be made into a liquid by the addition of water or spirits of wine, and’ may ho used on 
the polishing lathe t ithcr wet or dry. 

Figs. 438 and 439 show front and end views of a recent improved apparatus for manufacturing 
buttons, &c., from bone, vegetable ivory, and wood, its chief advantages being that skilled labour 
can be dispensed with, injury to the hands of the workmen provontod, and a greater quantity of 
the articles made in a given time than is possible with other machines in' use. At the rear of 
the bed^plate A, is arranged a shaft B, on which is a piillf?y C for a band D, openited by an over- 
head or underneath motion. The shaft carries at one end a bevel pinion gearing into a corre- 
sponding wheel on a short shaft H at right angles to the shaft B. The shaft H has a couple of 
cams or oocentrics I upon it for actuating (through the intermediation of tho sliding burs K L) tho 
opening and closing of the revolving tools M N, by which the piece of rough material put in 
between them is out and brought into tho required shape, iu accordance with tho class of tool 
furnished to tho tool spindles P Q. Those last are driven by independent motions B, and thus 
revolve, the rotation for cutting purposes being in addition to the end-on motion from the cams 
and slide-bars. To the front of tho Ixid-plato A, is attached a plate T, or it may bo a skeloton 
frame, from which there projects towards tho machine a rod U, at the end of which is fitted a 
jaw, for the piece of rough material to be put against by band. Hinged to the plate or skeleton 
frame T, is a counter jaw 6, by which the piece of material is hold in by pressure of a spring c, 
wliile the tools approach and perform the cutting. This spring is attached to a lever bar d, and 
the pressure is removed by a backward travel of the spring and its bar through the action of a 
plate, on which is a roller running in the race of cam /, on the forward end of the short shaft H, 
the release of the waste piece and the shaped button being efifected by the attendant before 
putting in a fresh rough pieoq. Bometimes H receiver is arranged between the fixM jaw and 
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tho movable one, so that tho piece of rough material can be put in while the jaws are apart, thus 
preventing injury to the fingers. The receiver is composed of two wings or cup^lates, which can 
bo opened wlien the tools retire after completing the cutting, and allow the article and tho waste 
to fall into a receptacle beneath, closing again for the reception of a fresh piece. 
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The Figs, from 440 to 444, both inclubivc, refer to a German improvement in presses and 
appliances for tho manufacture of compositioti hiittoim in imitation of horn and vegetable ivory. 
It consists in providing tho bcd-plato A of nn ordinary screw or lover press B, with a sot of half- 
(liofl 0, capable of being raised and lowered by a liand lever D, and sliding wedge plates formed 



of zigzag bars K K, whicb move in slots formed in a plate F,thc upper part of which has chamfered 
or romuled-edgod holes, in which the Imlf-dics move. The ‘‘force’* or head G of the press has 
upon its under side a corrcsi>onding number of half-dics H, these being formed by long pins or 
studs I, that they may pass through hoh's in a perforated plate J (Fig, 443), by which the composi- 
tion forming the buttons is fed to the lower half-dies. The plate is capable of easy removal for 
each feed ; it has a groove on eacli side-edge for a plain plate to be slid in to serve os a bottom, upn 
which the pieces of prepared composition rest when put into the holes in the perforated plate. 
The two plates act like a box; when charged it is put over the lower half-dies C, and the 
plain plate is thtm drawn out and tho pieces of composition fall down on to the top of the 
lower di^ ; tlie force is then lowered by rotating the handles L, and the pieces of composi- 
tion become tmnsformetl into buttons of a shajie and thickness correspouding to the distance 
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between the halfildies when the preaenre is on. The half-dies, top and bottom, may have any 
device or design upon them, and one of them may have a couple or more of pins projecting to form 
the holes for sewing purposes; or a short pin M may be upon, say, the upper half-die, by which 
the back of the button is formed, the pin M then making a hole of sufficient depth for the reception 
of a metal eyelet, shank, or loop, which can be inserted after the button is removed from the press. 
In fitting metal shanks to such com- 
position buttons, the shank pfha are 
arranged in holes formed in a plato N 
(Fig. 444), and with the loops exposed 
that they may readily be taken bold of 
by a pair of pliers. This plate has a 
recess under it, in which a gas or 
other burner is fitted, for beating the 
plate, and for imparting sufficient boat 
to the shanks, that their pins may 
enter the holes in the button backs 
when applied, the boat softening t)»o 
coTui)Oi5ition and forming tho attach- 
ment of one to the other. The ingre- 
clionts forming tho composition, after 
b^diig mixed in snitablo proj>ortiona 
and of the colour desired, are plaecxl 
• in a caldron enclosed in an outer vessel, 
the sp.ice between the two vessels 
being filled with sand, to maintain an 
nnironn boat. Tho composition, when 
heated to the proper temperature, is 
stirred and rubbled into a still' pasty 
consistency, and used as desired. Tliis 
IS removed from the caldron in suit- 
able pieces and rolled in long strips, 
from which are cut smaller pieces, to fill 
th(» holes in the perforated plate. Tho 
rolling operation is done upon a hot plate, and tho first-named perforatod plato is heated partly 
by the hot plate and partly by the jirees, the hulf-dies- in which are also heated, so that tho 
Composition, from tho caldron to the finished button, is k(‘j)t at about one tomporaturo. Tho 




pressure is maintained upon each series or group of buttons for a few seconds, and when tho “ force *’ 
is lifted, the first-named perforated plate is removed, and ruaile rf^ady for tho reception of fresh 
pieces of the composition. The lower half-dies are then lifted by the sliding wedge bars, to lift 
the made buttons above the lovtd of the hole<l plate on the iKjd. A nmny-tinod fork is then put 
in between the raised half-dies, and the buttons are lifted off the di<3« by the tines, the superfluous 
composition being removed and thrown l>ack into tho caldron to he rabbled along with the other. 
The rough edge of each button is then dressed by a plunger tool. Instead of making holes in the 
buttons by the pre^uro operation, a cone-shaped lump can he loft upon tho back of each, through 
which* a hole can be made parallel with the back by a heated piercer needle, the socket eg which 
rides in a kind of box. Tho socket can be pushed in a given distancOi to force the heated needle 




m\ tmam . ^ 

the lump on a Iratton put into a leoeiver or socket ; the socket then reoolitW^lr the action 
of a spring, and the pierced button can then be removed. 

The common practice in turning buttons, d:c., is to employ a macbine having two i^indles 
mounted in line with each other, and revolving at a high speed, the cutting tools being fixed in the 
spindles, and the material to be operated upon being held between them by means Of a “steady ” 
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and “ grip,*’ together forming a pair of tongs. The grip and cutting tools are worked by the 
operator by moans of handles, and require a considerable amount of manual labour and skill in their 
manipulation. An improvement upon this plan consists in actuating the grip and tools by means 
of (^nins in connection with h vers and rods in u self-acting manner, so as to open and close the grip, 
and push one or l)Ot]i tools backwards or forwards as required, enabling a girl to do a large amount 
of work without groat labour or skill. Figs. 445, 440, show a side elevation and plan ©f the 
lunchiue suitable fur turning buttons of wood, vegetable ivory, and similar substances : a is the 
framing of the lutlu'; 6, />' are spindles revolving in beariiigs on tho framing; at their ends they 
curry the t(.>ol8 for turning tho front and back of the button respectively ; they are driven by straps 



taking on the pulleys c, c*; d is tho “grip”; c, tho “steady;” A is a earn mounted on a spindle, 
revolving in bearings, and canned to turn by moans of a pinion m, tho teeth of which gear with 
teeth formed on tlic circumfcnvnco of tlie cnvnk ; tho pinion m is monntod on a spindle, which is 
oauscil to K^tate in its l>carii}gs by a sirup taking on the pulley n. The crank is formed on tlie 



outside with a groove, in wblcb works a roller /, moimted on a bar or couneotiiig>rod which is 
guided at one end in tlio bracket and at the other end is attached tc a spring / by moana of a 
screw r %nd nuts, as shown, whereby tho teusion of the spring can be regulated. The spring / 
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is, by prafnenoi^ jainted below, md wetrres to push tbe grip d egidnri the j^toee of foeterial. 

groove in the n^zlt side of the cnm h is shaped so as to make the grip adlt^UiBigf eJkfWiug Ihe 
piece of material opeiated npon to drop in the moment the operation is when the opemtor 

places another piece in the grip. The back of the erf ak ^ is also formed with a groove, in^hioh 
works a roller/' mounted on a stud in the braoktt 
f', which, by means of a set screw, is fixed on a 
square bar A that is guided in the framing a, but 
by prefei'enoe works through stufflngdmxes. The 
bur A has a simik t bracket t at the other encL 
Through the brackets », are parsed the screws/,^ 
which abut against the ends of rhe spindles 6, 6' 
connected by the staples s, s', so that the spindles 
are made to partake of the movement of the bar, 
which is self-acting, and so timed and ai ranged 
by the shape of the back of the cam A that the tool 
on the end of the spindle A first cuts the face of 
the button, and then that on the end of the 
spindle b' cuts the back of the button. There- 
upon the grip is opened, and the button falls out, 
a piece of now material is put in, and the opera- 
tion continues. Fig. 447 shows a part of a solf- 
feedmg appliance which i.y suitable for small 
articles that are turned very quickly; t is a ring, which is made to revolve on four rollers placed 
eq*fiidistantly within it (not shown), formed with ratchet teeth all round, and actuated by a pawl. 
Motion is communicated by a lever and rod fiom a roller working in tho outer groove of the cam A, 
The ring t is formed with holes in it; at cacli hole is a spring u for holding tho piece of material ; 

0 is tlie steady. The pieces are fed in at leisure, and without tho hand of the workman ooming 
near tho tools or giip. 

The next machine (Figs. 448 to 452) to be considered is an American invontiou, enabling all the 
operations of manufacturing covered metal buttons to be performed automatically. On a standard A, 
is a horizontal table, consisting of an under solid plate B, and turning in contict with it a plate 0, 
having near its outer edge a series of holes t slightly larger than the button to bo made. Above this 
second plate is a ring D, of the same size as the two circular plates, hold stationary, but perforated 
with holes coriespondiiig with those m tho second plate. Tho bases of tho holes in the {ilatc C, 
being closed by the lower stationaiy 
plate, foim a scries of depresMons 
in which the buttons are to be 
formed, Tlie plate C is caused to 
revolve with an alternate motion 
a suitable cam or ratchet wheel. At 
one side of the table and above it, 
in the lino where the boles c re- 
volve, is placed a vertical tube E, 
terminating above in a hopper F, 
where are placed the tillings for the 
buttons, stamped of tho proper size, 

A brush is made to vibrate among 
the fillings over the mouth of tho 
tube, the effect of which is to keep 
the tube full when once it has Vieen 
filled, and to lay the fillings flat in 
Iiosition, so that they may fall down 
one after another. The base of the 
tube is closed, but a slot is arranged 
in one side, just large enough to 
allow of the exit of one filling at a 
time, and a reciprocating bar G, 
entering at the opposite side of 
the tube, pushes the fillings out in 

succession, so that they fall through the holes in the upper ring D into the holes c as the revolving 
plate 0 turns roaiHl. A little beyond the tube of fillings is a hopper H for the metal faces. These 
are placod in the hopi>er H, whose bottom is inclined towards tho centre from each end. In the 
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oeniro, is a slot»shapodl depression A', mnning across the hopper in a direction iowardg^ihe revolving 
plate which turns beside it. It is but little larger than the metal faces, and just deep enough to allow 
them to catch and rest in it. The hopper tilts backwards and forwards, making the faces slide over 

449 . 



the doi)’(i88ion h'. Tlio maoljincry for otiusing tlio tilting is a cam-wheel P, operating in opposition 
to a spring (not sliowii), against a roller p on the end of a connretion, with an arm fastened to the 
hopper, and projecting below tin' point at which it is jdvoted, so as to tilt. In Fig. 451, one of the 
raetnl faces is seen in section, r(!Nting •' 

in tho deprcHsion. Tn tlio hopper is 450 . 

a vibrating brush or pad T, swung by 
the arm /, j)ivoted ut a pin passing 
through an elongated slot in i\ 'Idle 
lower Hurfaeo of the brush Bwe(>pH away 
any fuoi'H not lying in pro[>er posi- 
tion. On the of the di'pvesHion // 
towards the nwolving plate, there is 
a slot in tho side of the hopjier II, 
through which the faces pass. After 
each tilting motion, the hopper pauses 
in n level jiosition, owing to the shajio 
of tho cam whecd P whudi operator it, 
and the vibrating brush 1 being then 
also iminediah'ly over the di'prcssion, 
and llie nu'tal faces being lightly held 
in their pOHithni, Uu'y are pressi d out 
of it by u reciprocating bar K thnuigU 
tho slot 4 on the surface of the re- 
volving plati', wlirro they all lit* with their turned edges downward. While the hopper is tilting, 
tho slot in the side may 1 k' liept elosed by a spring (not sliown), whieh may also be arranged to 
open tho slot when the hofiper eoiuos to a l<‘vel position. Tlie reciprocating bar K ia shown 
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actuatod by a lover M pivoted at motion being given in one direction by the cam wheel P 
having pn>jccting cams ut proper points on Us face, which boar Wfion a ro-ller O, in the end of a 
oonnection with tho lover M. Motion in the opposilo direction is given to the lever by a spring N. 
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A» the revolviog plate turns, the metal faces are brought underneath a revolving brurfi L, standing 
above the plate and turning on a vertical shaft, arranged in a suitable bearing oonneoted with 
the frame of the machine. ITiie revolving motion of the brush L may be given by cords or belts 
from wheels 1. The operation of the brush L is to sweep the metal faces into a guide Q on the 
surface of the revolving plate, which conducts iliem one by one to tbe holes in the upper surface 
of the plate, into which the paper fillings have already been jput By this means, into each of 
the holes is placed a paper filling, and immediately over it one of the metal faces with its edge 
turned down, so as to embrace its sides. In case iho revolving brush brings the metal faces to 
tbo entrance of the guide, which conducts them to the depro»’’ons in the revolving plate, more 
rapidly than the guide delivers them, the surplus metal faces pass off by the side of the guide and 
are carried around by the plate to tlio opposite bide of the machine, whore tliey are guided off by 
the guide R, and may then be placed again in the hopper H. hlarh depression is next carried by 
the revolution of the plate under a punch 8, whicli Is arraiigod to descend into each as it comes 
beneath, and by a touch adjusts the metal face over the paper, so that tUo edges of the metal will 
enclose the paper filling. Immediately adjoining this punch is onother punch T, by the descent 
of which, as successive depressions containing the fillings and faces fall beneath it, each metal 
face is firmly pressed down into the depression over the metal face, and its edges clenched aroi^d 
the paper filling. By the shape of the same punch, any desired configuration may be given to the 
button. Immediately adjoining this second punch i^ arranged a third punch U, having at its 
extremity one or more pointc3d instruments (not shown), which punch the necessary holes tlirough 
^iiich button. The punches should be arranged at the same distance apart as the holes c, and may 
be caused to descrond and rise by being attached to frames sliding in ways V, and operated by a 
knuckle-joint "W, moved by connect ions w ith tbo crank shaft X. J'lio button, by tho operation 
of*thc punch last raontionod, is finished except japanning ; and after beitig carried a little farther 
by the revolving plate, is dropped througli a Iiolo in th(3 under stationary plate into a recep- 
tacle beneath the raacliiiie, or it may bo driven down ihroiigb the hole in the plate B by a pin, 
operated by a sliding frame, the same as, or similnr to, that which operates tho punches. A 
compact arrangement for opijrating tho several parts <>f tho machine is shown in the figures; 
the vibrating brush, the reciprocating bar G for expelling the fillings from tho bottom of tho 
tube E, the punches and the pin, bt'ing all ojiorated by tbe frame sliding in the ways V. Tho 
same cam wheel P also causes tho tilting of tlio lioppor H, and moves tho reciprocating barK. 
The machine is operated by a crank or by power applied to the crank shaft X, niid motion may 
b(3 given to the revolving plate or table, and to tlu^ cam whecd I*, and from it to other parts of tho 
machine, through piniou wheels connecting with tbo main crank shaft X. When it is desired to 
make buttons with two im'td faces, an upper and loworone with a filling of paper or other material 
betwoi'U them, tho nrrnngemont and combination is modified ho as to introdnoo a second Jiopper 
for holding tho under metal fnccH. Both metal faces have turned ('dgCH, aw befort'descril>€Kl, undone 
is imide slightly sirmllor than the oUht, so us to go w ithin the tslgos of tho other. The fillings are 
made of a proper size to go within the Hmalhist of tho metal fac s. 

Self-fadi'/iing Ihittons. — Hithcjto have been discussed only those kinds of buttons which, by 
means of holes pierccnl through them c»r by looju'd elianUa atttiched to them, may be sewn on to 
garments with ordinary needles end thread. But an infinity of jdaiis huvii been devised for making 
buttons which should 1)0 self-festoning, that is, possessing in themselves the means of attacliinent. 
One plan in very common use is to have a Ixmt wire in the form of a figuro oo , hut open at one end, 
which is inserted through the looped shank on tlm button, after th<3 latter has been thrust through 
tho material of the garment. By another method, two small hell cranks with long and short arm 
arc mounted on tho shank of the button, and provide<l w'ith juigles against which a spring presses, 
keeping the boll crank in position after tho stylo of the spring in the hattk of a piuikuifo. A direct 
pull outwards sufliccs to disloilge tho button when necessary. Somolimes links arc used with a 
mctnl washer. A description of all the imi>rovcd forms of buttons introduotjd, even within iho last 
few years, is quite inadmissible, on account of the space it would occupy; hut it will bo advan- 
tageous to refer to tho principal half-dozen varieties, on nocount of both the ingenuity displayed 
and the principles involved. 

The form of a self-fastening button liaving a screw passing from tlio hade of tho material into 
Uie head of tho button is shown in Fig. 453. 

Hart^s self-fastening button consists of a button with a shank formed of strips of mctul or wire 
which will bend without breaking, and provided with a washer (Fig. 454). a shows a transverse 
section of the button fixed ; &c, the two sides; </, the button with the washer ; e, tlio washer ; /, the 
metallic strip forming the shank. Tho shank sliould not be so long us to subtend tho washer when 
turned down. 

Fig. 455 (a, 6, and c) represents a button with a movable head, so that tho shank may be placed 
through the button-holes. Tho head is hollow, is partly filled with caoutrhouc, is perforated on 
the under side, and has an internal groove or recess crossing tbe perforation at right angles. The 



670 BUTTONS. 

fiUank terminates at one end in a disc, and at the other In a short transverse bar, sg ^ to fonn a 
erosa-head, as shown in a. To nse the button, the cross-head D is passed through the button -hole 
in ih<j fabric, and a caoutchouc washer is put on the shank B, to prevent it falling out when discon* 
neeted' from the button head. The shank is then secured to tho head, by passing the cross-head 
tlirough the aperture E (6) and turning it one quarter round, when it is forced into the groove H> 
and retained by the pressure of the rubber R ; c shows tiie complete button attached. 

Bamum’s button, an American invention, shown in Fig. 456, consists ot a long shank A formed 
into a T at the end ; and between tho button and tho cloth is a piece of rubber B through which the 
shank passes. A washer provided with a slot and a slight depression in it is placed at the back. 
Tho X pushed through the slot and turned so as to fall into the depression, the spring of the 
rubber then draws the button firmly up to tho wiisher, and holds all parts beyond the chance of 
slipping. The cloth is strengthened by tho fastening, and the lap of the button-hole about the 
button is rendered bettor by reason of the space between the button and the fabric. 



In Fig. 457 is seen an automatic fastening by means of a shank shaped into head, neck, and 
shoulder, passing through tho fabric and fitting into a circular metallic socket in the knob of tho 
button, tho sixjket heung so devised that on tlie shank being pressed in up to the shoulder tho edge 
of the Hoclu'l is forced to bond in and close round the neck of the shank and so prevent the latter 
V)eiiig withdrawn : A shows the sluink, with a tho head, 6 the neck, and c tho shouldcT ; B shows 
tho head of the button, witlj the nieiallic socket (/ in the centre, and the orifice of the socket of equal 
dhiiiKdor with tho bead n of the slifoik. On tho shank iKung inserted in lliu sf»cket, and pressed in 
till lhi< shotdder is forcuxl against iht) tlan m(‘tollic circiimferonC/O c of tho orifice, the latter bends 
inwards and closes round tlui iieek of the shank us shown in C. 

Accxmling to anotlu r phin, the button consists of two parts, a head and a shank, held together by 
a spring of indianibber or other inalca iul. The liead pieco^ is provided with a slot in tho centre 
passing quite through tlu) head, and a cross slot passing not quite through. The shank consists of 
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a fi>ot-plate, with an u}>right stem and cross-piece. \\'lK'n the bulton is to be attoched, the cross- 
piece' is put tlirough tho slot till it presses on tho spiiug; it is then given a quarter-turn, and 
falls into tho other slot where tho spring holds it. By reversing tho operation, it can bo taken 
out. 

Bometimes one or more spiral nietalHc springs arc used to efifect tho same purpose. 

1\) obviate tiio buttoii-hole from cutting through the thread which fastens the button on, the 
button is sometimes made as sliown in Fig. 458: <i<i is tho base of contact of the button with tho 
material ; tho annular surfocti to rtKscive tho button-hole ; c, a flange to retain the button in the 
button-hole ; <f. a circular projection to prevent rubbing tho thread. Holes ore made through 
the bottom for fosioning as usual. Tho button may bo of any material, and either naked or 
covered. 

An improve<l liuvu button consists of a metallic blank having two holes for sewing on to tlie 
dress, which is laid in areex^ssed die or bod liaving a corresponding rt)c«^ for the linen disc ; a sheet 
with an interior flange is thou laid on the linen, and finally the back is put on tho interior of the 
shell, and tlie whole is "‘closed up.” The button is more durable than tho ordinary fonn, and 
the ootUm or thread, lying lientjath the surface, is prevented from cutting in the wear. 

A fmriu of solid leather button designed to strengtheu the shanks and prevent tlieir getting 
l<iojio and coming out, consists of a fixed metallic plate or collar on tho underside of the button, 
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plat^is provided with a slot or hole in the centre |br ugh which the bow is passed. In the 
act of fixing the plate or’collar on the underside of the button, the button is provided with a recess 
round the shank, into which the collar is dropped and firmly bold by the pressure employed in the 
construction of the button. A substitute for shanks is composed of metallic prongs of round wire, 
or cut from sheet metsd, secured to the head of the butio^i 'n the same way as the shank, and 
varying in number. If preferred, a metallic collar may be used in combination with the prongs 
and placed outside them. The latter are then put through the collar in the act of fastening the 
button on the material, and the prongs are turned down within the collar and firmly driven in, as 
shown in Fig. 459, A and B. 
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A proposal for doing away with the stiffness in fastening buttons is to have a ball and socket 
joint, the end of the shank being spherical, and moving in a hemispherical hollow, giving it 
a certain amount of flexibility. 

The last button that will be noticed is that shown in Fig. 4G0. It is formed as usual, except 
that the underside is made witli a projecting neck, having a hole in the centre. On each side of 
the neck, is a slot in which slides a catch consisting of a slotted slide piece. The fastener is 
oomj>OBed of a stem of metal with a flange or collet at tho lower end, the otlior end being pohited 
* •or coned and shaped with a groove at a short distance from the end. The figure shows tho under- 
side of the button with the catch ; o, the underside of the button ; h, projecting nock ; c, liole in 
the centre of neck ; c, slotted catch sliding in the slots in the iieek. Tho slot o' is enlarged at one 
end, / corresponding with the hole c. The diameter of the stem of tho fastener allows it to pass 
freely, but without shako, through c and /. 

Scat of the Industry. i>rincipal button factories arc distributed, in about the following pro- 
jKirtions, in and around tho towns named: — London, 58; Birmingham, 101 ; l*aris, 110; Brussels, 
5; Vienna, metallic 15, porcelain 5, shirt 6, silk 11; Prague, several; Berlin, 49; Barmen, 29 ; 
LUdenschied, 14; Elberfeld, 9; Hamburg, 5; Stuttgart, 0; Darmstadt, 3^ Offenbach on Main, 
S ; Lubeck, 2 ; Breslau, 2 ; United States, 55, principally iu New York (19) and Piiiladelphia(13). 
There are also several factories at Lyons, and one at Milan. 

As regards the homo manufacture, Birmingham turns out principally metallic buttons, and 
exjiorts large quantities of linen shirt-buttons to France, though unable to compete with her in 
some other classes. It produces also some few glass buttons, and consumes about 15 to 20 tons 
of (Jorozo nut a week, for ranking vegetable ivory buttons. For pearl button-making, it uses 
about 2 tons weekly of the best shells, and pcihaps 2(' tons of the iiifoiior sorts. Franco 
manufactures far more buttons than wo do. She exports irnmenso quantities of wooden button 
moulds to this comitry, and is known for bone, pot^rl, vegetable ivory, and glass varieties, the 
chief factories being concentrated in 8C)me three or four towns distant 40 to 60 miles north of 
Paris. A few years since, Franco enjoyed almost a moiiojxdy for jK)rcclain buttons ; but since the 
dcBtruotion of Orleans by tlie Germans the trade bus gone Rhinewards. Germany (including 
Austria) exports more buttons than Frjuice and England combined, supplying the markets of 
America, as well as those of northern, eastern, and southern Europe. 8he excels iii cheap articles 
with a good outward appearance. Vienna is known for pearl buttons, eclipsing Birmingham iu 
that branch, and several German towns have taken up the porcelain button -making, whi(;h does 
not seem to have made its way across tho Atlantic as yet. Prague is now the great emporium for 
porcelain buttons. One works there possesses fourteen machines, costing OTily about 25/. each, 
which turn out individually an average of 1600 buttons a minute. Tho great bulk of the glass 
buttons, too, are made iu Bohemia, where the cheapness of labour and raw material enables them 
to produce a good article at an absurdly low figure — alKjut lid. per 20,000, it is said. 

Imports and Exports . — The values of the imports of all kinds of buttons, excepting metalllo 
buttons, for the year 1878 were, from Holland, 406,210/. ; France, 192,236/. ; Germany, 32,309/.; 
other countries, 8651/. The value of all buttons (save metallic) exiiortod from tho United Kingdom 
to all countries, in 1878, was 7222/. 

(See Bone; Celluloid; Glass; Ivory; Nuts; Pearl and Coral; Pottery.) 

CAKPHOS. (Fb,, Camphre ; Geb., Kampher.') 

The name ♦‘camphor” is technically applied to a great number and variety of gum-resins, all 
of vegetable origin, and possessing mote or less similar general characteristics, coupled with minor 
distinctive peculiarities. Three kinds only are objects of oommcrco ; they are derived from (1) 
Lawns oamphora (Cmnamomum camphora, Camphora offioinantm}, the well-known camphor laurel of 
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China and Japan ; (2) Dryobahnopa camphora (or aromatica\ a gigantic tree inliabitii^ the Bthlay 
Archipelago ; and (3) Blumea balsamifera. The products are Imown respectively as Common camphor, 
Borneo camphor, and Blumea camphor, Bach of those will be considered under a separate head ; 
and, at the end of the article, will be added short descriptions of the less-known “ oamphbrs ** of 
pharuiacy. 

Oomnaozi or X>aiirel Camplior. — Cj^ Hjg O. This is a colourless, transparent body, of tough, 
waxy, structure, having a specific gravity about ec^ual to that of water, melting at 175° (347° F.), and 
boiling at 204° (400° F.). It volatilizes readily at ordinary hniporatures, giving oif the peculiar 
pungent aromatic odour which churactorizes it. Ihicent researches prove it to be a phenol. It is very 
slightly soluble in water, to wliich it communicates its warm camphor taste; but in alcohol, ether, 
fixed and volatile oils, naphtlia, aniline, &c., it dissolves with facility. On subjection to the action 
of oxidizing agents, it is transformed into camphoric acid, and, if the oxidation be continued, 
camphretio acid, O,, will result. 

The camphor laurel is a gigantic evergreen, bearing considerable resemblance to the corpmon 
laurel, except in tlio matter of size, attaining, as it sometimes <loes, to a height of 50 ft. and a girth 
of 20 ft., with branches 8 or 0 ft. in ciioumforeneo. The loaves are shining, and of a bright green 
celou||, emitting a camphoraceous odour when bruised. The wood is white and fragrant, and is 
miu/h UHod by the Ohnieso in carpentry, us it is proof against the attacks of insects. The chief 
hntitat of the shrub is the island of Foriuosa, it roaches the greatest size, and where most of 

liie camphor of wcflicrn commerce is produced. It also fluurislies in Ciiina, the Chusan Archi- 
jpolago, an»l Ja{)an ; the Jast-nained cmiiitry exporting considerable (piautiiies of the drug. Tho 
sbnib has now become njduralized in most of the tropical and warmer temperate countries of the 
world, as in Java, Brazil, Jamaica, and tho West ln<lics generally, (jape of Good Hope, Mauritius, 
Madeira, and the MeditiTraiiean region ; and it has been proposed to introduce it into South* 
Georgia and Florida. It forms a largo aud handsome trc'o in sheltered spots in Italy, as far north 
as tho Lago Maggiore ; it is commonly found in all the nurseries nround Paris, and is not 
unknown in this country, 'Jdic drug o])iaim‘.(l from this laurel is prepared exclusivtdy, or nearly 
80, for tlio markets of the West, and constitutes the only cnmjdior of ]iluro[»can and American 
oornmorcc'. Ah the native proeosses of colhuding aud preparing the substance vary in the diflerent 
countries where the shrub is ituligeuous, it may be. best treated gcograi)liically. 

1. Formosa.— Jn the district of this isliual iuclude<l under Cliinese territory, tlio camphor laurel 
is not found; it is conlined to tho country of tlie aborigines, and its immediate borders. This 
oiroumstance is owing to the fact that the ('xtraction of tho camphor entails the destruction of tho 
Bhrub ; as this destruction has nevi^r been eompensate<l by nijilanting, the forest has boon gradually 
cleared away, the uboriginos receding and tliei (.Jiinest' oncroacbiiig as the work of destruction has 
progressed. In consequeiicci of tlio disturbed relations beiweim the two races, thus induced on tJie 
border lands, tlio risk attending the eaui])hor trade is very great, the distillers requiring to be 
always on tlunr gnanl against attack; mworthcless, the industry maintaiiis its ground. The 
method of preparing Formosan caiiijihor is us IbllowH : — Tho shrubs, ns required, are selected for tho 
abuiiduuco of tluar sap, iiiuuy being too dry to repay tlu' cost and labour of treatment. The best 
part of the wood is secured lor timber ; while the branchi^s and rc'ifuse are taken, while freshly cut, 
and chopped up into little pieces for distillation. The stills, built up in sheds and moved as tho 
(Jbiueso advance into the interior, are of very rude construction ; over oigbt or ten lioarth fires, is 
placed a long wooden trough, ofUu a hollowed tree, coated with clay and half filled with water. 
Boiirds pierced with holi's are fitted on flic tiougli, and ubc*vo tlu se art.' placed jars containing the 
chips; tho latter are surmounted by inveittal earthenware pots, and the joints arc made airtight 
by moans of hemp paeking. When the tires are kindled, the generated steam passes iqi tlirough 
tlio pierced boards mid, saturating the chips, causes th<' sublimated cunqihor to settle in crystals on 
the inside of thi' pots, from width it is serapod otf, and ufteiwartls passt d through a second prooesS 
of distillation to remove some of tho impurities. At tho bottom of a copper still, is placed a bod 
of dry powilerod earth from an old wall (selected, tUmbiless, ft)r the sake of the lime it eoutains), 
and on this a layer of oriide camphor ; this is again covered with earth, and so on alternately till 
tho vo8s<?l is full, the scries terminating with a stratum of earth, and being finally covered with 
green mint. A sei'oud vesse l, usually formed of straw suieareil with clay on the outside, is ineorted 
over tlie. still and luted on. Tho aiiparatus is placed ovi^r a regulated fire, and tho contents are 
heated for a cdnsidrrahlo time. After cooling, the camphor is found to have sublimed, and 
attached itself to tho upper vessel. 

For trau8|>ort from the interior, the enmphor is packed in largo vats or tubs, provided with 
escape holes at tlio bottom, and is stowed in carts of rude construction. Tlirough these holes, exudes 
an oily or uncrystallizable liquid, known as “ camphor-oil (7. v. post). Almost all tho camphor 
produced in Formosa is sliipped from tho free- trade port of T^msui, at the northern extremity of the 
island. It is the characteristic ox^Kirt of the place, and one of the most interesting, forming the 
main supply of tho European markets. It is the only commodity, cither of export ox import, for 
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which the Tpnsit Pass system is made use of. From Tamstii» the camphor is conveyed by native 
craft to Ho^ Kong, Shanghai, or Canton. Hitherto, owing to its being comparatively loosely 
packed, and containing a large percentage of water absorbed during its sublimation from the wood, 
tlie loss caused by evaporation during the journey between the two ports has been very large. ' The 
Customs allow for an estimated decrease of 5 per cent, (formerly 11 per cent, was the allowance),* 
but the actual loss often amounts to 20 per cent. Lately, a hydraulic press has been established 
by one of the foreign firms trading at Tamsui, a.id the loss has thereby been reduced below the 
Customs^ allowance. Chinese shippers have not yet loariit to anpreoiato the advantage gained; but 
it will be strange if tlioy do not soon avail themselves of it. Until 1808, the Chinese Government 
enjoyed a monopoly of the Formosan camphor Irade ; but it was then thrown open, with very bene- 
ficial results. In 1870 and 1871, attempts wore made to re-establish the monopoly, under cover 
of a tax of less than a ijrd. per lb., in itself unimportant. With the removal of the objectional 
features of the impost, merehiintb have rested content, and things have gone smoothly since. 

There Is no doubt thkt the supply of camphor laurels in Formosa is being gradually exhausted, 
though a numljer suffleiont to satisfy the needs of many years still remains. The seaboard has been 
stripped of its shrubs; but throughout the mountainous interior, the forests are still untouched. 
At Posia, a fertile plain among the hills in the middle of the island, Mr. Ibillock’s party, in 1,873, 
found an abundance of camphor laurels; but the civilized aborigines inhabiting the spot are 
ignorant of their Value. 'Phe prices ruling in Formosa, in 1872, gave a profit of 2 to 3 dollars 
(dollar = 4.f. Id.) a picul (133.J lb.) to the producer. For the western consume^r, the Formosan 
camphor is roshipped, from the Chinese ports mentioned above, in square chests! ined with lead-foil 
or tinned-iron, containing 1} to 1^ cwt. each. Xt consists of small dirty-greyish grains congregated 
^together, their sp. gr. when pure being 0‘98 to O-fifi. It i.s always wet, as the rnorchanta cause 
water to be poured into the cases before sliipinent, with n view, it is pretended, of lessening the 
loss by evafwration. The statistics of Formosan camphor production are as follow : — 

1870. 17,239 cwt., value in place, 29,080/. Of this quantity, 12,3G8 cwt. were exported, viz. 

to Cliira, 7890 cwt.; Japan, 2570; Bombay, 311 ; Strait Settlements, 1025; Germany, 
Holland, and France, 508. The bulk of tliai sent to Eastern markets was ro-oxported to 
the West, Iho portion which reached England being valued at 45,249/., or an average of 
3/. lOs. Od. per cwt. 

1871. 11,537 cwt., value in place, 15,048/. 

1872. 17,500 „ „ 

1873. 12,239 „ „ 23,6.33. 

1874. 14,380 „ „ 25,000, Nearly all of tins was sent to TTong Kong, and 

8550 cwt. were a8certaino<l to have been re-exported. 

1875. 8,499 owt., value in place, 

1870. (About) 11,700 „ „ 

1877. ,y 17,500 „ „ 23,710/. Of which about 2700 cwt. went direct to 

non-Chineso ports. 

The imports of F<‘rmo8an ctunphor to this country are about six times as groat as those from 
Japan. * 

2. Chinn. — An incon.siderable quantity of camphor is produced near Cbinclu'w, in the province 
of Fokien, on the mainland of China. The method of preparation, wliicb diflf rs from that in 
vogue in Formosa, is ns follo'ws, 3’bo freshly gathered brunches ol‘ tlio laurel are chopped into 
small pieces, and steeped for two or three days in w ater ; they are then boiled in a suitable vessel, 
meanwhile being continually stirred about with n slick, until the groins begin to adhere to it in 
the form of a white jelly. The fluid is then poured off into glazed vobhoJh, and is loft at rejst for 
some hours, w^hen the camphor will be found in a concreted moss. The crude drug is then purified 
as iw Formosa. 

The shrub also flourishes in the Chusan Arcliip<‘bigo, growing to a large size if permitted ; the 
natives, however, only use the wooil, and do not extract the camphor as on the main. 

3. Japan. — The camphor laurel is widely distributed throughout the three principal islands of 
Japan. It flourishes best in the soutliem portion of the empire, viz. in the province of Tosa, in 
Sikok ; the mild, damp sea-air favours its growth here, and the principal prt‘paration of the drug is 
carried on in this locality. The districts of Satsuma and Bungo also produce considerable quan- 
tities ; the exports are chiefly from the ports of Osaka and iliogo, and in much inferior propoiXiioiis 
from Nagasaki. 

The distillation of the camphor is carried on throughout the year; but the bfist results are obtained 
in wrinter. The workmen choose a space where the trees are abundant, and there build a temporary 
dwelling and a camphor still. When the patch is exhausted, the buildings ore taken down and trans- 
ported to another locality. The distilling process is very simple; but is much in advance of the 
methods practised in China and Formosa. A tree is chosen, and as soon as it is felled, the trunk, large 
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root®, and boughs aro cut up into sniall uniform chips, by means of a short-handled axe, and are drawn 
in barrows to the still. This is commonly placed on an incline, in tlio neighbourhood of a rivulet, 
whiob will furnish water for the wet distillation of tlie camphor. The most genera) arrangement 
of still and condenser, adopted in the Tosa district, is shown in Pig. 461. On a small dreular 
stone wall A, serving to form a fire place, lies an iron plate F, 2J in, thick. This is covered by 
a numerously perforated lid, luted 
tightly with clay, which at the same 
time forms tlie lK)ttom E of the vessel 
B, which is 3 ft. 4 in. hiirh, and 18 in. 
wide at the top. Near the bottom is a 
square opening D, which may be closed 
by a l)oard. The wliole is clothed with 
a thick coating of clay C, held fast by 
a binding of bamboo lioops a. The 
upper opening is close d by a clay luted 
cover G, having a hole in the centre, 
furnished with a cork K. Just under 
this cover, a hollow bamboo stem leaves 
the still, and passes to the condenser 
IL This consists of a foui -sided box 
open beneath, divided into live inter- 
communicating compfirtmonis by menus 
of four partitions, aT\d turiK3d with its 
open sitle into a vessel M containing water. This condenser is kei»t constantly cool by a stream of 
water, led over the top by means of the piiMi h. The distillation is conducted in the following 
way ;-~Aftcr removing the cover G, the vessel B is filled with the chips of camphor wood, the 
cover is replaced, and well Intend with clay; then through the opening K, a certain quantity of 
water is run in, wliicli, after saturating the chips, will eolloet in the pan F. Gentle firing is now 
commenced, and is continued for twelve hours, so as to keep tlie water in F at a steady boil. The 
aHoending steam, finding its way among th(3 chips, carries all the camphor with it, and, on condon- 
aation in the cooh'r H, the camphor is deposited. After 24 hours, operations arc suspended 
the whole apparatus is cleaned out,' and the camphor colhrted in H is removed into tubs. Hero it 
is subjech‘4 to very g(3ntl(' prt'ssure to extract the oil, which nmoiints to 25 {Xircent. at least, and is 
quite limpid. In some districts, the raw camphor is submitted to a second, Boraowhat etrono^er, 
pressure, by which a grentt^r proportion of the oil is forced through the joints of the casks. The 
two products are then ri ady for market. The camphor exported is never quite pure ; it always 
needs to undergo a process of purification after arrival in Europe. Tlie waste chips, after drying 
on the grating I, are used as fuel. ® 

Jaimiieso caniplior is distiiigtiislied from Formosan by being coarser grained, clearer, of pinker 
line, and liy subliming at a lower temperature. It is also known ns “ Dutch,” or “ tub ’’ camphor 
tho latter name arisii\g from iU being imported to Kuropo in iui)e covered witli matting, oacli placed 
• within a second tub, secured on tlie outside by hoops of twisted cane. No metal lining is used, and 
tho camphor is tlms drier limn tlio Formosan. Encli tul> Isdds about 1 to 3 J cwt. Tho selling 
price is nearly twice ns higli as thi^ Formosan, and tlio imports to Europe are about ns 1 to 6 ^ 

Tho amount of camphor e.\j)ortcd from Japan, in 1870, was nliout 2360 cwt., principally to 
China (2171 cwt.); Stmits Settlements (51 cwt.); and Franco and Germany(139 ewt.). Its value 
in tho selling market was 11,108/., or almut 0/. 2». lOd. per cwt. In 1871, Hiogo and Osaka 
cxiiorted iihoiii 81.50 ewt., and Nagasaki about !(00 cwt. more : tlie total value was placed at about 
25,000/. In 1872, tho value of the export was stated at 30,5761. In 1876, Hiogo and Osaka 
oxjKxrted about 10,000 owt. 

The imports of common camplior into tho Diiited Kingdom, in 1870. wore: -Unrefined 12 368 
cwt. : rcllnoil, 2301 ewt. ’ '' 

JmiUtiom of CWimoa Owy./we,— It is said tliat camphor has been prepared from the roots of the 
cinnamon shrui), and finds a ready sale in Ceylon and other parts of India; report also that 
it has been obtained from several of the Mio/at, uotahly in Spain. An imitation camphor is some- 
times made in Japan ; hut it is readily distinguishahlo firorn tho genuine article. An artificial 
chemical product, bearing a close outwaid resomblanoe to camphor, is obtained by p.— vg hydro- 
chloric acid gas through oil of turpentine surrounded by ice. Two compounds are produced : 
solid artificial camphor, while, transparent, lighter than water, and possessing a 

camphoraceous taste ; and a liquid known ns terebino." Thu preparation has not been admi^ 
into pliarmacy, and is little more than a lalmratory curiosity. It is easily reoognisad by tho re- 
action with ommonia. If natural and artificial camphor be dissolved in aloohol, tho ^ill 
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not be procipitoted permanently by ammonia, while the latter prodnoea a flooonlent precipitate, 
which ia not diSolved in the supernatant liquid. 

Eefining Common Campfior, — The crude camphor consists of small crystalline grains of greyish- 
white or pinkish hue, cohering in irregular, friable masses ; this, when dissolved in spirits of wine, 
leaves a sediment of 2 to 10 per cent, of impuritiee, composed alnefly of common salt, gypsum, 
sulphur, and vegetable matters. The latter are removed by careful distillation, in the presence of 
a little quicklime to absorb** the oil, &o. Two earthen pots luted together, and having a small 
aperture provided for the escape of the air on the first application of the heat, answer the purpose 
roughly. In tliis way much camphor is refined by the natives of India. They buy it in the cases 
as it arrives from Chinese treaty ports, paying about 34 rupees (rupee = 2^.) a Surat of 42 lb. 
The process is illustrated in Fig. 4*‘2, and is conducted as follows About 1 J mamd of camphor 
are mixed with 2§ seers (seer = If pint) of water, and placed in a copper still A, about 2^ ft. high. 
This quantity of camphor is 
made into a pyramid, and after 
it is piled into the vessel, an 
additional 2§ seers of camphor 
(? or water) are thrown in round 
the sides. A copper lid E is 
then put on, and. to make it 
p<^rfcctly tight, an iron bar is 
passed through it and the vessel 
by holes made for the i)urpo8e. 

is then lifted by handles, 
au<l set on an earthen c/iu/a 13, 
b low which fires are burning. 

The lid and edges of the still 
are smeared with wet clay, which 
is also piled up into a cone. 

In about fifteen minutes, steam 
comes tlmmgh the hole where 
the bar goes, whereupon a cloth 
C attached to a bamboo is dippe d into a receptacle D filled with water, and mopped over the clay 
cone on the still, so that the water keeps the upper portion cool. This is maintained for three 
hours, when the sides of the still are beaten with a stick. If this produces the sound of an empty 
vessel, it is known that the process of sublimation is complete ; the still is tl»on removed from the 
c/iu^a, and the lid is opened. The camphor is found in a thick crust lining the upj)er part of the 
sides of the still; it is divided into four pieces by a flat iron knife, and packed in boxes for sale to 
the dealers. 

Tlio refining of camphor in Europe was long confined to Vcnict' ; but it is now carried on largely 
in England, Holland, Hamburg, and Paris, the product being much finer and purer than that 
obtained by the crude processes of the Easi. In England, the operation is performed as follows : — 
The impure camphor is broken up, mixed with 3 to 5 per cent, of highly slaked limo, and 1 to 2 
per cent of iron filings. These are well sifted, and introduced through a funnel into the nocks of a 
scries of bomboloes^ flasks of thin flint glass, with flat bottoms and short nocks, tlie name being of 
Venetian origin. These are placed in sand baths, which are heated by dishes of fusible metal, 
kept at the proper temperature by means of a furnace outside tho room. Tiio object of this is to 
avoid the necessity for bringing fire into the iirosence of the very inflamraablo vapour givc^n off by 
the camphor. When filled and in place, tho flasks are covered with sand to the nock, and rapidly 
lieated to 120^-190® (248"-374” F.) for half an hour, to expel tlio water. The temp raturo is 
then gradually raised to about 201*^ (400'^ F.), and maintained at this point for about twenty-four 
hours. As the temperature increases, the camphor softens, and at last melts. Wlion the mass has 
become fluid, the sand is removed from tho upper part of the flask, and a paper stopper is put into 
the neck to partially close it. llie heat is then carefully pret'orvod at a point sufficient to sublime 
tho camphor, but not to remelt it, so that it re-solidifies on tho interior upper part of the flask as a 
semi-transparent cake, leaving all impurities behind. Tho temperature of tho refining room is 
about fiS'’ (150® F.), the air being very dry, and highly charged with camphor. To diminish the 
escape of camphor vapour during tho process, each hmnboto is covered with a glass shade ; another 
use of this is to exclude the airy whose presence would make tho sublimed camphor opaque instead 
of translucent The whole process lasts about forty-eight hours ; it requires* the greatest attention 
and experience, on account of the inflammability of the substance, and the imocssity feur regulating 
the temperature very nicely, so that the sublimate may be deposited, not merely in loose crystals, 
but in compact cakes. When the sublimation is oomploted, the flasks are taken out, and cold 
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water is sprinkled on them. This causes them to break, and the now pure camphor is removed 
from them in the form of large bowls or concave cakes, like gigantic quoits, about 10 or 12 in. in 
diameter, 3 in. thick, and weighing 9 to 121b. The bomiiokm weigh about 1 lb, each, and measure 
about 12 in. across. Sometimes a little charcoal or sand is added to the lime, and, when sulphur is 
present, iron filings arc a useful adjunct. * 

Following is an account of the Dutch method of purifying. To every pound of camphor, is 
added about 2 oz. of lime ; the two are well mixed in a mortar or small mill, and about J lb. of the 
mixture is put into each still. I'bt so consist of block glass flasks of round form and with long 
necks, a certain number being placed in a row on sand batlis heated by a furnace beneath. They 
are buried some inclic's in the sand, and tiglitly stoppered witli cotton or t(iW. Under each sand 
bath is a furnace and ashjjit. To commence with, a gentle fire is made so as to liquefy the camphor. 
The steam rises into the neck, and would coudenHe and fall back into the still in drops if it were 
not prevented. Each still is furnished with a conical hood or cap of tinned iron, which is covered 
with warm sand, and in which the vapour collect'^. In this way, all danger of breaking the still, 
by drops of camphor falling back, is avoided. When the camphor is fluid enough, and all the 
moisture has been elimiiiuicd from it, the sand is removed from the Jiood, or tlie latter is 
^Ifqdaeed by anotlicr, having a Jiolo in the middle, to admit an iron implement for stirring up the 
mass in tlie still. As tlie camphor eviqiorates, it condenses again on the sides of the cap, and there 
forms a tranH])aroTtt maws. All outer air must be rigidly excdiided. When the hoods have been 
excliaugeil, and the moment the sublimation begins, the fire is reduced. The temperature is 
maintained at tlie proper di greo for a wliole day. From time to time, the workman removes the 
cup and tlie cotton stopiier, in order to stir u]) thestuif at the bottom of the still with an iron tool, and 
to ke(‘p the passage of the neck open, as Iho coiulonsing eunq^lior has a tendency to choke ttmp. 
Towards the end of the operation, the cap is altogetlier removed. The end is known to have arrived 
when the (uuiqihor collecUal on the sides begins to melt. The flasks two then taken from the sand- 
baths, cooled and broken, to i xtraei the mass of camphor; this is tlien wrapped up in blue paper. 
Much canqdior still riimains in the fragments of the flasks, and as it would bo too troublesome 
to S(3rape it oil, the piec< s are thrown into a very deep copp( r still, which is covered with a 
ciroiilar copper hood, and placi'd over a fire. The eamplior collects as before around the hood, and 
is tlieri (‘asily removed. Dining the sublimation in the flasks, th(' temperature is maintained at 
12lD 2dS'’ F.) for half an hour, and is then raist'd to 190"^ (lUr F.) ; at this ])oiiit, the neck will 
lie coated with moisiuri', wliioh must be removed by iiihiTling a sponge on a flexible stick. A 
tomp<*riituro of to to 38.y’ F.) will molt all I he camphor in three and u half hours. 

The rosidui' is sublinad in a ca,4-irou vessel and tlio little })rodiict obtained is thrown in with tho 
noxi lot of raw eamplior. 

rAscs.— Tho aiiidicalions of common camphor are restricted almost soltdy to medicinal and 
antiseptic purjwsos. 

Borneo Camphor ; Malay Camphor ; Borneole ; Camphyl Alcohol ; or Kapur 
Barus. — This is ipiite distinct from the caiujthor of wostorn commerce. It is expressed by the 
formula 11, „ or tw'o additional equivalents of hydrogen. It fuses and boils at higher tem- 
perutures iliau common camphor, is liarder and more l)iittlc,of greater specific gravity (1*009), loss 
volatile, and doos not crystallize ou the interior of a bottle whiui ki‘j)t. It.s crystals are coarse 
and rosiuous looking, about I in. broad (»n the faces, and of different form from tlio ordinary drug. 
Ill the chief feature, viz. aroma, it closely resi nihles common camphor, but is less pungent. 

It is ilie product of a mngnifictmt forest treo, tho Jh yi>htlanoj>s camphorn^ or aromatica, which 
often readies a lieight of 90 or 100 ft. to the first bninehe.M, overtopjdng all its neighbours, and 
prt'sentiug a handsome htjail of dense foliage. Tho trunk cjften attains a girth of 17 to 18 ft. 
According to tho natives of tho Malay Archijielago, there ar(^ throe kinds of this tree, named 
reS[>ectively miiUiwjuan^ rnarhin ttmyini, and inarbm taryan^ from the outward colour of tho bark, 
which is sometimes yellow, souietimoa black, and often red. The bark is rough and grooved, and 
ovi'rgrowii witli moss. Tlie leaves are dark-green, oblong-oval, and pointed ; tiiey smell of camphor, 
and are hard and tough. Tho exterior form of the fruit is very like tho acorn ; but it has around 
it five petals, jilaced somewhat apart, aud tho whole much resembles a lily. The tree flourishes to 
greatest perfection hetweiui the altitudes of 250 and 100 ft above sea level; but is also found 
in dry (that is, not marshy) places near tho sea coast, and rarely at an elevation of 1000 ft. Its 
chief habitat appears to bo tlio extensive bush of tlie Batta country, on the west coast of Sumatra, 
north of Ayer Bangie ; it is also found in the mountains of Santubong, Marang Sundu, and Sugony ; 
in Labium ; in all the nortliem parts of Burnoo, and it is said to be particularly abundant in the 
country of the Kyans/on the upper reaches of the Bintulu and Itejang rivers. 

The camphor is seoroted, in tho form of coarse crystals, in the hollows aud interslieeg of the body 
of the tree, especially in Hie knots, and swellings of the branches fSrom the trunk ; but it is not 
founvl in every treo, some observers remarking that only about one tree in a thousand appears in a 
condition favourable to the secretion of tho gum. The natives have no xnaans of estimating the 
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quantity of camj^or in a tree, and though they know that it inorenses with ago, the latter is always 
an element of uncertainty with them; Trees in a state of decaf oiten contain the most camphor. 
The drug is gathered at irregular intervals, according to the fancy of the Rajah on whose territory 
the trees are. About thirty men start into the forest * select a place where the trees are most 
numerous ; and build rude huts, which sometimop form their dwollir*'^ for months together. They 
divide into two parties, one felling the trees, the other extracting the camphor. The tree is cut 
down ju&t above its roots, divided transversely into several logs, and tlieso again are split with 
wedges into small pieces, from the crevices of which the camphor, if there be any, is extracted. That 
which comes away readily in large, semi-transparent flakes is eHtQ<;. nod th(' prime sort or “head " ; 
the smaller clean pieces are considered as “b- lly ” * and the rninule partiides, chiefly scraped from 
the wood and often mixed with it, arc called “ r<x>t.” The last is sepf^r^tod from its impurities by 
steeping it and washing it in w’ater, sometimes with the aid of soap. It is thoji passed through 
feieves or screens of difterent meshes, in order to 'make an assortinont ns far as regards the size of the 
grains; but much pf the selection is also made by hand, and particular care is taken to distinguish 
the better kinds from that produced by the artificial concretion of the ossentinl oil. The quantity 
of camphor yielded by a single tree piobuhly averages about 10 lb. Its comincaeial name is Kapur 
iJaruSj the first word signifying camphor, and the second being the name of the Sumatran por{ 
whence this article is mo.stly shipped ; it is sometirm^s called “ bamboo camphor,” from the fact of 
its being transported from the iiitrrior in hollow stems of that plant. It is in sucli great demand 
among the Malays and Chinese for ombalining their deael, that it is only met with in Europe as 
cabinet specimens, the whde produce being consumed in loco, Tims the Chinese export to us their 
own Formrisan product, while they import Kapur Jianas^ ‘AB much as VJl. 10s. a ca//y (1 J Ib.) 

• for the best quftUty. 

Tfie jiroductiou of the drug is lessening yearly, and tin* profitahh; operations of when fully 
1250 Ih. were shi])ped from Tudang, will probably n<'ver rclurn. Trees are cut down at random 
W’ithout any being replanted, and this wilful ajid w'asieful destmetion will, it is feared, soon place 
the tree among the past sjx'.cios of tlie Archipelago. I’ropositiuns have been made to (Jovernmont to 
have regular ))lantatioiis formed in suitable loealitio.s (as is done wdth the teak iiee in Java), notably 
in the district of Ayer Ilaugie, Kan, and Tapanolie KCHidenco. The })lunts, four to six days old, may 
be transported in boxes half filled with wet sand, the contents being kept carefully wet and covered 
over with linen. 

The tree yields several products bc.sides the camphor. First may he cited the well-known 
cHm})hor oil {q. r. pont^. Tin*, fruit, when frt‘s)i and well ri})ened, is cabm by the natives. The 
height of the tree prevents the fruit l)eing gathered, hut wlnm it falls— in Mareli, A])ri], and May — 
the pcojtle go out to collect it. Trcqaired with sugar, if forms a veny tasty j>r('H(‘rve. It is said to be 
vt'fv unhealthy to remain near the tree during tlie llowering season, on areoimt of the o'xtraordinary 
hot exhalations given off by it. The wood of tlie tree is \ery tough and durable, and much valued 
by the natives for ship-building pnrpohcs. Its strong c.unpliorae.eons odour guards it against the 
attacks of the krjtami, the destructive worm of those seas. It is ad jited to making planks, beams, 
keels, stringcTs, and timbers, ami has been proved invaluablo for wharves and jetties. From its 
oiliness, it takes fastenings well, and iron is not liable to rubt in it. Its weight is said to bo about 
70 lb. per cub. ft. At Johare, largo steam saw-niills bave boon erected for the puiqiosc of preparing 
the wood for export. 

The following meagre statistics are all that can be found regarding this camphor : — The 
quantity imported into Canton, in 1872, was stated at 3150 lb., worth about 808. a lb. In 1872-3, 

2 cwt. were imported into llombay, valued at 014/. The value of iJie pi eduction in 

1873 was £1043 1875 was £3170 (about 5 cwt.) 

1874 „ 2578 1H7G „ 2337 

Blumea, or Ngai Camphor. — A third variefy of enmpher is manufactured in CJhiiia from the 
Blum;a halsamifcra., a tall herbaceous Comjiosita called Ntfai in ChincHo, and abundantly distributed 
throughout tropical Eastern Asia. Wlicn in a crude state, the drug appears in dirly- white, crystal- 
line grains, ooutaminated with vegetable remains; when pure, it lakes the form of colourless 
crystals an inch long. It resemblefl the Bornose camphor in every iiarticular, excepting in optical 
properties. Its value is about ten times tliat of F'orniosan C4tuiphur, and on thisMxire it occupies an 
intermediate place between the two principal varieties of camiihor. It is quite unknown in 
Europe; but in China it is much used, partly for medicine and partly for preparing tlio fine 
Chinese inks. The manufacture of this kind of camphor is carried on principally at Canton, the 
exports from w’hich place are valued at 3000/. per annum. 

A camphor-yielding plant which is closely allied to the preceding, if not identical with it, is the 
Blumea grandis^ a native of the 'lenasserira provinces, whore it flourishes exceedingly, and grows to 
a height of 6 or 8 ft. Its leaves resemble those of tho mullen, and, when bruined, emit a strong 
cftinphoraceous odour. Many years ago, the Tavoyers informed Mr. Mason that they were in the 
habit of making an impure camphor from tho weed by a very simple process. Latterly, this has 
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been finproml upon by an Englishman, and the artiele has been brought Into pujpic notice. More 
than 100 lb. of it were refined and- sent to Calcutta, and could not be diStingaisbed from Ciiinoso 
camphor. The plant is so abundant in tho Provinces that they might supply half the world with 
camphor; wherever trees are cut down, this weed springs up. 

Other Camphors. — Besides tho Ihreo principal camphors of commerce, the following are more 
or known in perfumery and pharmacy, viz. : — 

Bnronitu Camphor . — The leaves of IJarosma hetulina yield on distillation about IJ per cent, of a 
volatih' oil, whkh solidifies on exposure to cold, and, after re-solution in alcohol, forms needle-like 
crystals, possessing a nearly pure ])e}>permint odour. 

Br.njamot Tamp/aa-, or livr.j prcHinct of tho bergamot tree, a member of the genus, 

eiiltivabal jaiueipally at Ihggio, in Calabria. From tho full-grown but still unrijie fruit, gat) lerod 
in Novemlxir and T)e(‘(!rub( i*, an essential <»il is expressed. For a period of some weeks after its 
extrfu tiou, the oil gradually deposits a mass of white greasy matter, which, when distilled with 
water, pvoduees heigamoi (’amphor. 

Citin-fKoir Camphor is obtained from lh(’! eKsential oil of a variety of the wormseod, which grows 
espcf'ially about the Don and Volga, aiul in tin* Kirghiz dc5seris. 

^ Cnhi‘hs (hnajjhor, or H>j<haic of is a deposit formed in cold weather from tlio oil of cubebs. 

NcroU Camphor. — Tlie fresh fiowers of tlie hitler orange, when distilled with water in copper 
Blills, yield an essential oil, most of whicli passes over on ri'disiillaiion : tho addition of an equal 
quantity of iilcohol to the portion remaining in (he still causes a HI tie Noroli oomphor to collect 
on the surface. By le-solntion in boiling ah'ohol, it can be produced in a crystalline form. 

Orris (*>imphor is the solid crystalline substance obtained by the distillation of orris root with 
water. 

ValrhoHl! Catuphor. — 'i'ho sulj.'bince known in pcifium-ry and pharmacy undfu- this name Is hdhrjo 
logous with Borneo camjlior. It is solid: fns(*s at about hT’' (130'^ F.), and boils at 295® 
(r»(i;r F.); its sju'cllle gravity is 1*051 at 4^^ (HD F.); it is insolnblu in water, but readily solulde 
in ah’oliol and etlier; it crystalli’/x's in hexagonal prisms ; liiially, it is a left-handed rotary sub- 
Htaijce, wliili^ Jlonieo camphor is right-bandtMl. 

Bassafraa Camphor is yielded us a crystalline deposit, by cooling, in a freezing mixture, tho 
volatile oil jiroenrod from the roots and bulk of the sassafras shrub of America. 

Th>pn(\ Camphor of^ or Thymol, is a crystalline product of tho fractional distillation of essential oil 
of thyme. 

'J'oharro (\fmplior., or Kii ntianta.^"\H producuul by distilling tobacco h aves with water. 

Camphor Oils : a. Mula^nn. -During the (U)Ihjction of the <‘umphor from tho Malayan camphor 
tree, that Is while tho tn c is being cut up, an oil drijis from it in considerable quantities. Somey 
times it is obinined also by tupping tln^ living trees; but is not considered of suflicient value to 
warrant the destriic-tien of tlie tree, d'tie method of gatlnn’ing this oil, as practised by the natives 
of Sumatra, is to muk«' a transverse incision in the, tnu" to a depth of some inches, the cut sloping 
dowuw'finls so as to h»rm a cavity of tin' capacity of about a tjuart, Jn this, a lighted reed is placed 
for about ten minub s, and tlie hole is left for the night, when it hei'omes filled with the oil. 
This voliitile oil, lunnvu ns 7'e/'/ar/t, lu»ldH in solution a re.sin, which, after a fiwv days' exposure 
to tlie air, is h'ft in a Hyrujiy stat('. It is probably camphor in an nmlcvelopi-d state, as the tree 
Wouhl yii'ld c*anq>h()r if b ft. It is sehloin biuught to maiket, probably because the price obtained 
is not a sutlicicut lemune, ration for the trouble of transport. Whenever it is ofleied at Barus, the 
usual prict' is a giiildm (l.s. 8d.) for an ordiijary quart botlleful, 

h. Forniosati. — 'Phis is a yelk avish brown, oily. or iiucry stall i/.ublc oumphor, which exudes from 
the cases tif ermk' counnon C!imi»hor, to tin- extent of ;} or -! pt‘r emit, it is vmy strong suudling, and 
holds in solution an nbuud.uico of common oanqihor. w'lnch it spcHslily <loposiU in crystals when 
expos, d to a low tempcrutni(‘. Its symbol is ; its ilonsity is ()'91(). By exposure t<j 

OX) gen, (»r tlu* action of nitric nci<l, it absorbs oxygen and bi'comos solid camphor. It is much 
iiM'il by tlu' ('hino.^e as an embrocation, t'speei.dly in rheum die diseases, and will probably soon 
bt» a valuable KunquHin import as a cheap substitute for Lin. Camphoric. It is scarcely sahable on 
the spot, and is considered much interim* to the Malayan camphor oil, from which it is distinguisliod 
by an odour of sasHafras. In Japan, the oil is expressed from the camplior, and is employed as a 
ligliting material by the very jiDor jieople, who are content to burn it in open lamps, in spite of its 
powerful odour and heavy smoke. A recent native Japanese paper says that a resident at Osaka 
has built a large factory for preparing this oil,— not fur making oil out of oiimphor, as Aatw'e — 
which has proved superior to kerosene, both in cheapness and illuminating power. 

(See Drugs ; Inks ; Oils ; Perfumes ; Resinous Substances.) C. G. W. L. 

CAKBXJBS. (Fu., Oi:b., AV.ee, XicAf.) 

The use of wax canditfs as a source of artificial light dates from tho middle ages, though, from 
the costliness of the material, it was prolwibly confinetl, for a long pcriotl, to tlm dwellings of the 
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wpaltbior classes. Until the introduction, in oottiparativoiy modem times, of tallow and vegetable 
fats, the substitute for wax caudles in the bouses of the poor, and still to be found in some oountiy 
districts, was the ordinary rush-light, which is the siiaplest and most primitive form of candle 
known. The use of candles ma<le from tallow and palm oil, and various compounds pn'parod from 
them, as well as from wax, paraffin, and other substances, has of late years largely increased, and 
the manufacture has assumed very considerable dimensions in some of the larger towms of Great 
Britain, and on the Continent. 

A candle consists essentially of two parts : (1) the combustible matcriiil ; and (2) a porous sub- 
stance through the mudium of which combustion takes place. The first portion of the candle, the 
combustible material, is composed of various fatty or hydrooarbonaceous matters ; and the second 
portion, or the wick, the type of which is found in the rushes employed by our forefathers, is 
usually made of cotton. Before proceeding to describe tue mnnufaefeure of candles, in itself a simple 
operation, the materials of which tJjey arc compounded, which arc very varied and comjdox in their 
nature, must be fully dealt with. * 

Tue Combustible Materials Employed. — These are chiefly tallow ami vegetable fats, and 
substances prepared therefrom by couijdicated chemical processes ; also wax, spermaceti, paraflir^ 
ozokerit, &o. 

Tallow , — Tallow is simply be ef or mutton fut, or a mixture of both, prepared by being heated 
in contact with water and under slight steam pressure until the im^mbraiious matters in wliich 
it envelop('d aggregatcj into lumps, jmd collect in a layer between the tallow and tlie water, 
wlieu the steam is turned oft‘. For candles wdiich are to bo moulded from tallow alone, mutton 
suet is emidoyed, while tlie eommoiicr or coarser tallow is kept for those which are to be dipiied, 
anfl alsd for the preparation of stearic and other futt) -Aci<ls. 

When melted billow is allowed to cool vt ry slowdy, and wdthunt disturh.inco, it separates into 
two portions, one much harder, and the other iiinch softer, tlian the original tallow; and if the 
temperature of the whole mass does not fall below (7r/'-80'" F.), it will consist of hard, round 

nodules, suspended in a liipiiil oil. This proct ss is tt'chnically called “ seeding,” and the idea of 
separating the solid from the li(|iiid constituents of fats, by exposing them to pressure wdiilo in this 
condition, originated with the French chemist (dievreul, in 1823. 

The resc^irches of C’hi vreiil and others demonstrated tlu* following facts with reference hi tho 
comjxKsition of fatty bodies geiierully ; and it is to a clear comprehension of tlie.^o, and of the bearing 
ol other scientific facts and pln'iiomeiia njam thorn, that are duo the various maiuifacturing processes 
which have resulted in the elegant and useful commercial products called “candles,” the vnrieties 
ot which range from tho sofh st and cheapest English “cottage coinj>ositc,” to the alabasler-Iiko 
steaiic acid of the continental salons. 

It will he dosiiahh*, thojclore, to consider the imjMu tant fact, <1e]nonstratf'(l by Cljf'vreul, (hat all 
th(> ordinary neutral fats ot commerce are, chemiciilly sjuaiking, “salts,” in which tho base is 
gl}eoriiio, und the acid is a mixture of various fatty-acids, which mey he separatul from each other, 
and prepared iuu greateror less dogro< of purity. Hence 

Salt = Arid + Base 

Neutial fat (c.g. tallow) = stearic and oleic acids •+• glycoiine, Call.lOII)^ 

The fatty-acids of commercial solid fats belong chiefly to the series knowui as the “Adijrie,” 
of which l^ormio acid, CHgO^, and Acetic aeid, V the lowest terms. Tlio two members 
ot most frequent occurrence are Stearic acid, which is a large cormlitnent of tallow, 

and Palmitic acid, whioli occurs in similarly large prfjportions in palm oil. Beeswax (to 

-Ks referred to again presently) contain.s one of the highest known raombt)is of iho series, Cerotic acid, 
U27H6.1O2. The fatty-acid of the, fluid coiistitiieiits of most natural fats, and eajit cially of tlie nou- 
lying oil.'i, is calhd Oleic acid, CjsHa^O,,, and belongs to another series, known as tlie “Acrylic.” 
Each of the above-mentioned fatty-acids is cajrable of forming thret' salts with glycerine*, tho 
glycerides in natural fats being the tliird form in oacli series, tallow, for (*xample, being a mixture 
of tri-stearino and tri■^oleine. Chovreul’s researches materially assisted in developing the theory of 
‘Saponification”; but as this will bo fully discussed in the article on “Soap,” it need not bo 
alluded to bej-e, further than is necessary to explain the prirrciples of tho process by which stearic 
acid was at first entirely, and is still very largely, manufactured. 

When neutral fats are boiled in open vessels, with a solution of a strong caustic alkali, as soda, 
or with lime mechanically suspended m water in a thin cream, the glycerine is replaced by the 
alkali, and a salt or soap is formed by the union of the fatty-acids with the alkali, thus:— 

Neutral fat -f Alkali = (Fatty acids -f Alkali) i. 0. “ Soap” -f Glycerine. 

When the ** soap” is dissolved in water, and a strong mineral acid is added to tho solution, the 
fatty-acid is liberated— 

Soap f Sulphuric acid = Fatty acids -h Sulphate of *oda (or lime). 
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As neitJier 8 apOl 3 iiic^lti^:>n, nor tlie decomposition of a soap by a stronger acid, in order to liberate 
iis fatty-aoids, can take place except in tiie presence of water, the elements of water — HjO — play 
a V(‘ry prominent part in all reactions relating io neutral fats, and the preparation of soaps and 
fwlty-ncids from them. 

It was soon discovered by Clievreul and his coUaborateurs that the removal of glycerine from 
natural fats, i. e. their conversion into fatty-acids, enormously increased their hardness and illumi- 
nating power, so that candles made from the mixture of stearic and oleic acids, resulting from the 
removal of glycerine from tallow, by the process indicatt^.d above, were less greasy, and gave much 
more light, tliuii candlcH made from the same tallow untreated, though they had not so nice a 
colour. 'I’hc next stop was I he separation of the harder from the softer portions of the fatty- 
acids, and it was found tliut when this was effected by pressure, the oleic acid, in flowing away, 
carried with it in solution the whole of the colouring matter of the mass, leaving the crude stearic 
acid tolerably white. To make it absolutely so, little else was found necessary than repeated 
pressings at Various temperatures, the series of operaiious, after the removal of the glycerine, being 
purely median leal. In carrying out this on a manufacturing scale, the expensive alkalies soda 
tjnd fyotash w('r(i soon rephuM'd by lime, and the preparation of shiaric acid by tliis process is now 
conducted as follows . - -Tlu) tallow to be purilied is placed in a large, slightly couical, wooden 
tun, which will be more, jiurticularly described boreaftcr. In this lun, the tallow is mixed with 
lb per cent, of gooil sliiked lime, mad(i into a thin croam with water. After tiglitly closing the 
tur*, Ht(v,im is intro<luced from a pipe Ixdow, and the eoiiteuts are boiled for four hours. During 
the boiling, the ini\tim* is Kn-pt constantly agitated by means of a wooden shaft bearing three 
horizontal arnw, workiid by Kteaiii power, ''riie action of liiiio upon the constituents of tallow 
has the efl'oct of dei'omposing tJiem, glycerine bi ing set at liberty, wliilo stearate, and olcatov of 
lime are forme<l. The formation of theso salts, which, when mixed together, constitute an 
iti8olubl(‘ soap, greatly fueilitates tlio subre<pu ut separation of the solid and liquid constituents of 
the tallow, d'o ascertain when t!i<y ofyeration is comidcte, a small portion of the boiling mixture 
is drawn out in a ladle, niid cooled. When cold, the sample should appear pe rfectly smooth and 
mdid, and should hei very brittle, powdering fuu'ly in a mortar. AVhen the operation is complete, 
the steam is shut off and tlie agitator is stopped, the whole contents standing until cool, and the 
fatty mait< rs and lime form a solid muss at the bottoio* They nri* tlieu dug out and removed 
to another tun, similar in all resp(*c,t« to the last. Here they are treated witli four parts of strong 
fiulphuri('. acid for eviny three parts of lim<‘ ]>revioUhly adde<l, and are then healed and agitated in the 
same inanmu' as before. During the optnation, tlio linn- salts jire decetiqiosed by the acid, siilphato 
of lime falling to the liottom, and the soapy fat jising in a tliiek layt'r to the surface. Again, the 
whole is periiiilted to stand ; \Nlien <*ool, the fat is skimmed oil' and ])Iaced in a third wooden vessel, 
where it is w(‘ll wtishi'd with NNat.er and hv steam blown iid.o it. The washed fat is next Jieatod to 
the meUing-point, and run into disiies or troughs ma«h‘ of tin ; tlicse are jilaced in a room, the tem- 
}»eraturc of N\hich i.s kept at from 20^ to btf’ ((*8'^’ to 80'^ F.), aial left for two or three days, or until 
the contents have assuiued a granular or ery.stalliiK' structure, when they aie removed from the 
<liHhes, and out into shu'ds by maebiuery. 'Plu' Nhreds aie then phuu'd in canvas or woollen bags, or 
between large, siiuure sheets of canvas, and an* ('arefully (h posib'd between the plates of u powerful 
hydraulic press, rrt'ssure is ('xm'ted g(‘uily at first, au<l is gradually iucreasod until the flow of the 
liquid oleic ueid ci^ases. 'J'lu* press is then unhx'ked, and the hard, thin cakes of crude stearic acid 
arc thrown into another \voo«l(>n tun similar to the olher.s. Here, they are melted dt)wn by blowing 
in steam, which is continued for some hours. After sett hug, the fatty matters arc drawn off into 
tin (Uslies, and placed a.sidc to cool. The teiiqieratuiv of the room in wJiich the cooling is conducted 
should 1 h' slightly higlier than the prin ious one, or about ,d0 ' (8(J^ F.). The dishes should remain 
hor(‘ until the contents HHsuiue a crystulUuo structure, when they may be emptied. The blocks 
arc then cut up into lumps, and ground to a mealy powder by means of a rasping machine, worked 
u.Hually by steam. This powiler is gathered into bags, made either of hair or of wool, or both, and is 
then sulunitied to a second pressure in another hydraulic jircss, ditfering from the former one by 
having a heating appiinitns attached ; the plates sliouldalsolie heated before the press is used. The 
ueci^ttsity for hwit in this second pressure is «liu^ to the extreme tliftloulty exj)crienc^d in eliminating 
the lust portions of oily matter from the fut. AVlieu the full pressure is being exerted, the press is left 
fur about flftoen minutes Ixdbro U‘ing uulooked. The eak(‘s thus obtairual arc cleaner! with a knife, 
Uie parings lK>ing added to the ru xl batch. They are again mellerl by steam, a little wax being 
fiometinu's ad<led, in onler to destroy the crystalline texture of the stearic aciti, which renders it 
unfit for use iu candle-making. This ttuishes the process, aud tlie stearinc is meUt*d into blocks 
ready for use, 

T’ho tun In which the sajxvnification of tlie tallow takes place is made of oak or cedar, and is 
tightly bound with iron hi>oi>8. Steam is introduced by means of u spiral cepper tube, laid on the 
bottom, and |>erforutod with numerous small holes. An upright wooden sbi^, carrying wootlen 
arms fitted with teeth, is fixid in the centre of the tun, aud revolves during the process. The 
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tans are arranged in rows in a large room, two being required for tlie completion of oaoh 
batch. • 

It will be observed that in tliis process a very large amouot of lime~lC per cent, on the weight 
of tallow employed — is used. The disadvantage of this is that much sulphuric acid is necessary 
to decompose the lime soap, thi'reby injuring the colour of the resulting fatty-acids. It was soon 
found that if the saponification were conducted in closed vessels, under a steam pressure of 3 or 
4 atmospheres, tlie amount of lime might be reduced to about 8 or 4 per cent, upon the tallow, thus 
reducing the cost, and improving the oolonr, of the product. This modification is still very largely 
worked, especially in America. Hiih8e<|uently it was discovered that if sufficiently high tempera- 
ture and pressure were employed, the lime miglit bo dispensed with altogether, and that the resolu- 
tion of the fat into fatty-acids and glycerine iniglii br eflected by steam alone. This process, known 
as the “Autoclave,” has been largtly worked, botli in Europe and America; but inconsequence of 
numerous accidents, arising from the explosion of impropoily conf.tnictf)d vt'ssels, it is usual to 
decompose tallow at a lower pressurti, with the aid f)f 2 or 3 per cent, of lime, the .subsequent opera- 
tions of crystallization of the fatty-acids, hoi and cold jircssing, &c., remaining the same. 

The next advance was the discovery that when neutral fats are exposed to a ver)- high tempcia- 
ture, 300° (572° F.), or above, in presence of superheated steam, they arti df'ccjinposed, and the fiittjr- 
acids are volatilized ; and that when these vapours arc condensed, the fatty-acids arc almost white : 
tluit, in fact, fatty-acids may bo distilled, almost unchanged, in an atmosi>heie of superheated steam. 
It was impossible, howcivor, to conduct this process on a large scale, in consequence of the simul- 
timcous production of acroleino, a vapour resulting from the decompositionof glycerine, and possess- 
ing intensely irritating properties; but, in 1«11, it wiui tli.'-eoven'd that if neutral tats w^ero treated 
first with couceiiirated sulphuric acid, and tlien boiled with water, they might h(< distilled without 
airytisuch inconvenience, and the proi)leuj was thus solved by Dubrunlaut. In 1812 and 1843, 
Messrs, .lonos and Wilson, under ilio name of Price aiul Co., took out two paients for the combined 
irentmentof fatty bodies by sulphuric acid and water succe^'^ivtd}, and tlieir subsequent distillation 
by the aid of suiKuheoted stouiii. Fr<»m that time to the present, lliis prooess lias Ixam worked, in 
its various modilieutions, on a most extended scale, especially in England. It gives a iniicli larger 
quantity of niutt'rial, of good colour for candle-making, fiom a given weight of fat, thnii any otlier 
know’Ti process. The candles are not so hard, nor <juite so white, as the continental hofigies of 
steurio acid ; hut while tallow, tieated by the sajKuiificaiion juocesH, yields only about one-half its 
weight of candle material, tallow and jmlin oil, w lien distilled, give at ha.st7r) pm- emit, of such 
mat(;rial, of a slightly inferior <puility. 

The ruoht perfecled form of apparatus now u^ed in the dihtillaiion process, as made by 
Merrywcalher and Sons, Long Acre, TiOadon, is hlmwn in Fig. 403. 'riie jiroet'ss is oonducted as 
follows; — The fat is melted from the casks in which it is stored, by means of a steam jet inaorUai 



in the bunghole, and runs into the underground wooden tank A, whore it is left for some hours to 
settle the condensed water out of it. Hence it is pumped, by menus of the gun-rnetnl lift and force- 
pump 0, into a series of lead-lined c<dltcting tanks 15, fitted with steam coils, by wJiich the material 
is Ixiiled before being piisseil through the tap c to the vessel D. This latter, w hich is known as the 
** Acidifier/' is marie of stout copper, supported <dther on wrought-iron girders or on brickwork. It 
is fitted with a valved pipe a, for the admission of superhoated steam; a copper pipe fitted with 
water shower pipe d, for condensing Die vaj>our8 generated by the acidifying process ; a tberrnomoter 
for guidance as to temperature ; and a gun-metal csover c, at the lower side, for cleaning out, and to 
which is affixed a tap /, for drawing off the acidified materials. On admission to D, the fats are 
heated for a certain time, by the introduction of superheated steam at a temperature of about 176° 
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(350® F.), from the superheater F, couatructed from the special des^ of Ed. tSulphuric 

acid, in the proportion of from 3 to 6 lb. per owt. of fat, is next supplied to the acidifier from the 
tank E by opeuiug the plug g. When the acidification is complete, the material is left to stand 
for alx)ut six hours, and is then discharged into a series of lead-lined, open iwashiug-vats G, 
prr>vided with copper steam coils, and containing water and a little sulphuric acid. Here it is 
boiled with free steam for another two hours, and is loft for about twenty-four hours to settle ; it 
is then drawn off into tl.e tank A, and pumped through the tap c' into a large, open, leeddmed 
tank H, placed at a suffleiout elevation. This tank is fitted inside with a coil, which is charged 
with steam, to keep the contents in a liquid state. By means of the valve A, about 5 tons of the 
material is run into I lie still I, consisting of an iron body, and copper dome; it is fitted with a 
thorijioineter /, and tlie necoHsury taps of copper or gmi-metal. The contents of the still are heated, 
by fire, to a bauperaluro of about 110® (240® F.) ; sui)erheatcd steam, at about 294® (500® F.), 
is thou admitted }»y the pipe m from the superheater N, and the process of distillatiqp commences. 
Tlie temi)erature must be regulated aocordiiig to the quality of the material operated upon. The 
vapoiirs over by tlie pip(‘ n to the refrigerator K, wliicli consists of a series of vertical copper 
pipes, connected at t(q) and bottom by gun-mctal bends, Tlioao pipes are mounted on iron frames, 
over a set of six circular iron tanks A, into which they can be emptied. The tanks aro furnished 
wilh pijK)H for the ndmiBsion of steam, and with sj)iral C/Opper cooling-coils, tlirough which cold 
water may Ikj passed. Tiio “ (issenee-taiik / is fitted with an improvo<i shower-pipe L, which 
provents finy vapour passing away uiicondeiised. Tlio piiK) M conveys vapours to bo burnt in the 
fine. The fatty-acids arc colhictod in pails from tb<i mouths or outlets of tlio copper coils, tho 
greater part in a fit st/de f<»r eandlc-making, without the necessity for putting them through 
hydraulic pres.s<'H. d'hat part which is not fit for candle-making, a.s it comes direct from tho still, 
is pn'BHcd and redistilled. Ah tho result of distilling tdlow, it may be mentioned that oujt ©f 
every 100 lb. Hubjectod to this process, 78 to 80 lb. of crude stearic acid is produced. Three-fourths 
of tills, or about 00 lb., is rc'iidy for making stearino (i. e. stearic acid) candlos without further treat- 
ment ; the reinaitiing fourth, about 20 11)., after being pressed and redistilled, yields about throe- 
fourths of Hlciiric acid and one fourth of oleic acid. Thus tho iobtl proportion of the latter proiluct 
is only 5 lb. BesidcH the stearic and oleic acidn, there is a large quantity of a tliird product, called 
“ pitch.” If allowed to get cold, UiiH is u hard, black substance; but provision is made for passing 
it at once to un iron vessel, whi'i’o it is submitted to great heat, and yitdds a product similar to that 
obtaiued by the distillation process, and which is often used in the preparation of “ comj)osito *' 
candles, tliough much inferior to the juessed and puiitied material, d'ho jiitch, after this operation, 
beconiea a commcreial article of many n.sc's, and will in all probability soon be recognized os an 
©fiicient HubHtitntc for “ black -Japan,” for coating iron, the latter article being worth from 20s. 
to 30,1. a gnllon. Tin' apjiroxiiimto cost of the plant required for distilling ttdlow or palm oil 
according to tho above proc(»sH, exclnKivo of steam boiler, may bo stab^d at from 1700/. to 3150/., 
acconling to whether 1 ton or 3 tons aro to bo distilled at a time. 

Tho following table sbows tho quantity and valuo of tallow and stoarino imported to this 
country in tho year IS7S : — 

(N.B. Stearino, chemically speaking, i.e. stearate of glycerine, is Kcldom or never made now, and 
tlio term “stearino” is somewhat loosely aiiplnd, eommorcially, to stearic or palmitic acids in 
various states of purity.) 


From Russia 

73,(140 

158,480 

Franco 

If, 810 

42,700 

Uni toil States .. 

45(1 ,715 

873,090 

Uruguiiy 

03,587 

124,054 

Arginitine Rejiublio 

00,754 

134.705 

Australia 

210,780 

419,208 

Other oouutrics 

28,905 

61 , 150 


921,203 1,814,179 


The total cpiantitios and values for tho four preceding years were as follows 


ls74. j 

IHTB. j 

j 1876. 

j 1877, 

CWt. 1 

i CWt. 1 

1 CWt, 

j CWt. 

1,155,243 

907,396 

1.344,445 

1 1,2S!4,239 

£ 

£ 

X 

, « 

2,331,479 

2,045,863 

2,875,170 

! 2,668,479 
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Palm oil is now used in enormous quantities for the production of pal initio and 

stearic acids at Price’s Candle Company’s works, as well as by almost every candle manufacturer 
in Great Britain, about 25,000 tons being annually consumed. In many continental countries, a 
prohibitive duty prevents its employment. The process employed consists in acting upon the fat 
with sulphuric acid, and then submitting it to distillation. The ,dant and the nuxim oj^erandi 
boarecly differ from those last described. The distilled mixture of stearic and palmitic acids is 
out into shreds, by means of a revolving knife, and the shreds are wrapped in canvas or woollen 
cloths, spread in even layers between mats of cocoa-nut fibre, and submitted first to the cold press, 
and afterwards to the hot press, at a temperature of 2‘J® to 32^ (85*^ to 90® F.). The pressed 
cakes of fat are pared, and then melted again by stetun, in liirgo, wooden, iron-lwund vessels, 
containing water and Bul})hiirio acul. Tlio whole is boiled for a time and is then allowed to 
stand, after which tlie acidulated water is drawn off. Tho nieltcd fat iw repeatedly washed with 
hot water, and then run into moulds* when cold, it is quite pmt', and r<'ady for manufueturo into 
candles. 

It will bo observed that three processes for the decomposition of neutral fats have now been 
described — viz. (1) By saponification with a strong alkiiU, at a teinperatnro but little above 100® 
(212° F.) ; (2) By tho use oi‘ water, with or without a very small quantity of lime, at voiy great steam 
pressure, and a corrcspoTulingly higli temperature; (3) By treatment with strong siil]>hurie add and 
water in sueeeasive portions, and subseipient distillation at nnnniil atmospheric pressure, hut at a 
dangerously higli temperatuni — above 300° (572° F.). It was reserved for a physician at tlie Danish 
Court, the late Dr. J. C. A. Bock, to dcmonslrale the imjiortant fact tliat, byjiroporly conducting tho 
Operation, water alone might he made to (hicomposc tallow into fatty-acids and glycerine, and that by 
tlie use of water and sulidairic aci<l eombiiiod, fatty-neids might bo pn^pared from tallow' in open Icad- 
line<1 tanks furnished with stmun coils, — without any of the complicaled and dangerous apiiaratus 
required by the “autoclave” or tlie “distillation “ processes, without any lime or otlier alkali, and 
witli a much less expenditure of acid tluiu was required by any other iiroeess. Unlike many inven- 
tors, he was abh* to carry out his ideas intoaotiinl practice, aiel in tlie International Exhibition held in 
liondon in 1S()2, W'eri' shown some bi-antifully wbito ami hard stearic acid candles, wldeli Jind been 
prepared by thU ]m>e.css in the riianufactory of O. F. Asp, ITindseHsegadc, Cojienhagon. Since them, 
tho process has been com4antly at work in tliat faidory ; it has also Ixaei adoptial in sovond other 
continental candle facbadcs, and is now at work, among otlai* places, in New Zealand. Tho simple 
character of the “plant” ixM^uired ronchrs it pcamliarly valuable for distant countrii's. Considered 
from a tln'oretical point of view, it is, perhaps, the most ingenious and the most strictly scientific of 
all the methods for decomposing neutral fats. 

Dr. Bock pointed out, that tallow is conqioscd of exceedingly minute glohiiJcs of fat, surrounded 
by membranous onveloiics, conqiowd, jirobably, of albumen ; and that until these (‘uveloping walls 
are de stroyed, no n^ageut can net upon the fat within. In firdinary Haponitii-ation, the alimininous 
fUlvelopes are dissolved by the caustic alkali ; in acidilieatioii, they are burnt and eharnjd by the 
strong sulphuric acid, the ijuantity of which may ho soudjushMl not lo burn and discolour tho 
tallow itst lf, which, after pouring out from tlie de4royod cnvidopes, is in a state to Ik* readily docom- 
po.se<l by W'afor at 100° (212° F.). Dr, Boek’s proc(\sH W!mlesorib(>d by him in on aiiifde in Dinglcr’s 
‘ PolyteclniiselicB Journal,' for May, 3873, of wliieh tln^ hdlowing is a synopsis. 

“ By the lime saiionificntion jilan, the albumen eontuinod in tlie fat is dissidved, lime-Hoap is 
formed, and tho extraction of the glyeeiine is rendered possible. By acidification, the whole pro- 
cess is effeeted at once. Conducted properly, the fat, wmshed out with water, always remains as 
neutral fat, and, by the usi* of eoncentrnted Huljdmric aeal, not a Iracji of glycerine is left. Acidi- 
fication, rationally condnetod, is only a pr« llminary oj)eration, intended to break up, corrode, or 
carbonize, tho albumen iferonS matters. But tlie conduct of tlio opnrntioii was long based on tho 
erroneous belief that u dtiuble acid, bulplio-sh uric, was ff»rm<ai. W ith du<i care, only tho cjivelopos 
of the cells are blackened, and those are soluble ncitlicr in fat nor in futty-acidH. The jiroductioii 
of a real black solution is only an evidence that a emtain part (»f tho fat has Im-oti burnt, which should 
1)0 avoided under all circumstances. There is no iloubt <iiat tin- operniiou has generally be( n carried 
to excess, i» tho matters of duration, height of <eni[)erature, or strength of acid. By proper aei<lifi- 
catiou, the neutral fat is only unclotlicfl, as it W(Te, and freed from cells, or ut any rate, tho 
latter are so rupturofl, as to allow of tho easy exit of tlic fat. 'J’his latter is then in a condition to 
be decomposed, an operation accomplished in much shorter time by tho chemical equi vuleut of acid — 
4 to 4*5 per cent— and the necessary water. After letting out tho glycerine waters, the fatty-acids 
appear more or loss black. They may now be distilled. Their melting-point varies from 4U° to 57° 
(120° to 134® F.). 

“ The real value of Dr. Bock’s method consists in dispensing with distillation. Tho objecd of this 
operation is tho n moval of tho black colour, or rather of the black-eolourcd matters, by HUj>erheated 
steam. These black matters are the partially carbonized albumen cells, which swim about in tho 
futty-acids because tho sp. gr. of tho two bodies is al>out tho same. This difficulty U over(?omo 
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hy oxidizing the mass, by which the sp. gr. of the colls is raised from 0*9 to 1*3. *They are tlms 
precipitated, and the fatty matters can be washed off. The subsequent cold and hot pressing are 
the same as with ordinary methods. 

“From 8(*.veral years’ ( xperience at Messrs. Asp’s works, the following results havebeen deduced. 
Tallow yields, by complehi decomposition, 95 per cent, of fatty-acids, which lose 2 per cent, by 
oxidation and washing. The glycerine obtained equals per cent, from tallow at 23^ B., and is 
quit(3 free from all organic acids. The olei«! acid resembles tliai produced by the lime saponification 
process; but it is much richer in solid acid. The stearic acid is also like tliat produced by the 
lime Haponific.ilion method ; but it is much harder, and its moUing-ixnnt is 58°-60° (136°-140° F.). 
It equals r)5-(>0 per cent, of the tallow employed. 

“ Tlie plan is fieo from da»)g< r, as the Ht(*am is only used in open vesst ls. The plant is much 
ehoai>er, as nrithing sj)eci{il is required. The labour also is much reduced, as the operation is com- 
pleted in oiui vessel. It is as applicable to vegetable as to animal fats.” 

Tlie process indicated above has now been fur fourteen years in daily operation on a manufac- 
turing scale in 0<q»eiihagen, and in tlu*. hands of the inventor ami his son, has been greatly im- 
I>roved ami simplified sinci' its first introd fiction. At thnt time, there were five stages in the process, 
viz.: — (1) Acidiiication, !(.) nniovo the luemhranous cellular tissue from the tallow; (2) Decompo- 
sition, by ucidnlated water, into dark fatty-acids and gly(3erine ; (3) Oxidation, to increase tlie 
sp. gr. of the dark inemliraiious inatlor^, ho that tlaw iniglit srparate themselves from the fatty-acids ; 
(1) Itepcated washings with water; (.5) rressing, both cold ami liot. 

Ihc groiiU'st improvtMiient is due to the discovery that the dark membranous matters may be 
oxidized a bile tlic fat is still neutral. The acidification, oxidation, and decomposition are all now 
eomluoled, in rapid snceesMion, in one and tlio same wooden tank, after which, ono or two washings 
in aiiotlier tank remder the fatty-aeids fit for the press. 

Another point of great pruetieal inqiortance, whieh lias been developial in the working out of 
this jiroceHH, is tlie increased liardiie.s.s of (he steaiif* acid produced by it, arising from the solidifica- 
tion of some ol the <deie acid in tlie tallow, by the prolonged action of sulphuric acid upon it. This 
rcnctioM has lately Ix'on pointed out as a novelty, by llorneiuann and Kraut; but it was suspected 
iwelvi' yi'iU'H ago, and soon uftm wards ^^aH didinilely ])roved, by tlie Messrs. Bock. They observed 
that the hitty-acels Ix came liarder and luinler, so that cold ])rea.sure had no efi'i ct upon them ; by 
the adoption ol hot-pressing, tin y pr<Kluc(nl white slearii* acid, and an cxcoi'dingly brown oil. This 
latter, wlien dislille<l, savcMl the cost of distillation, by its yield of solid matters. It is claimed, 
therefori', tor tin* lloidi proci'ss, fbat wft'aric acid can be made of better quality and in larger quan- 
tity from a given weight of tallow, tliun by any otla'r proc( s.s at jirescnt known. 

W hiclicver ol tlie lour fU'oci'Hses (lime-saponiticntion, autoclave, distillation, or Bock’s) is 
employed, a larg(i pre})ov(ion of oloic arid is unavoidably luoduced. Tlio quantity of it, per ton of 
iientrul fat, varies in inveise ju’oporfioii to the hanluess of the original fat, or of Iho material manu- 
factured from tliat fat. I^>l■ many yeais, it was ditlieult, at any rate in England, where soft soaps 
art' mneli less iisi d than on the Co ntinent, to find a snitalile outlet for this oleic acid : it could not 
he used as u lubricant, owing to its acid reaelien upon metals; when saynmifiod by the ordinary 
niethoils, it prodnei'd a very solt ami very brown soaji, slow' of sale. It was discovered, bowever, 
that wiien saponified witli stnln-leys (>f very higli spt'cilic gravity, a hard soap could be made from it, 
coiilaining a very largt' pcrci'niage of fHtt\-aei»lH, and good for ordinary cleansing purposes, but 
whose smell was cmisitlt'rt'd ohjcctioiiahh'. A few years ago, M. Iludisson, of Lyons, taking 
advantage a laboratory reaction ol oleic acid whieh had long been known, develojxal a method 
of convt'rting it inti) jialmifie aeid, ami, by dint of great p<'r.s(‘verHnee, workt'd out the details of the 
process on an industrial scale ; it is now a coiutm rcial sueco.ss, and lias U^en patented in nearly all 
eouutri('s where cumih's are manutactured. WlictlivT it is more economical to convert tlio oUde 
acid into soap or into iialmitic aciil, depends upon the relative cost of the two processes, and the 
curn'id imirkil, value of tlie manufactured ju-oducts. 

Ilio following information relative to this remarkable proec.^s, wliich is extremely interesting, 
from both scientific ami technological jiohits of view, was kindly supplied to the writer, by 
tlie patenti'o, ]\l. St. Vyr Kadisson, 37, Boukward-Oddo, Marseilles. 

Ill Isll, ^Van iitrapp unnoiincixl that when oleic acid was hi nted wdih a great excess of caustic 
potash, it was decomjMised into palmitic acid, acetic acid, and hydrogen, the acids combining with 
the potash, the reaction being explained by the following formula 

OMc «cUl. , I'otiisl). Pftlinitore of Totubh. AcoUte of PoUiBli. Hydrog«n. 

O.JIaiOa 4 2 KUO = 0,eH„K0a 4 C^H.KO* 4 H,. 

At M. Kadisson’s factory at Murseilles, this is practically realized, and about 3 tons of oleic acid 
arc daily eonvi^rtod into palmitic acid, by this proi'css. 

Ihe cotiversiou is effected in cylindrical cast-iron vessels, with sheot-iron covers ; they are about 
I'i fb in diameter and 5 ft, high. A fireplace is built beneath them, eufflciontly far off to avoid 
heating by radiation. Al)out 1 J ton of oleic acid and tons of caustic potash leys at 48^ B. ore 
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pumped into\>ne of the veseela. The evolved steam passes off by a large manhole on the upper 
side; when the soap gets dry, this manhole ie closed, and the disengaged gases are conveyed 
tlirough pipes, first to a condensing tower, and thence to a gasometer. ' The temperature of the moss 
is slowly raised to 320® (608® F.). A Briechanical agitator revolves in the mass, with the double 
purpose of ensuring equal distribution of heat, and of beating down the froth, which rises abund- 
antly. Eventually the soap undergoes igneous fusion, and at 290® (554® F.), begins to give off 
hydrogen. Wlien 320® (608® F.) is attained, the escaping gases have a peculiar smell, very readily 
recognized; at this point, it is necessary to suddenly stop tho operation, since if the heat wwe 
continued longer, the mateiials would enter on tlio stage of “ de«tructivo distillation.*’ In order to 
effect this stQppag(\ steam and water are introduced by a Oiffard’s injector, and at the same time, 
a door in the bottom of tlie cylinder is opened, by which the palmitate of potash fulls into an open 
tank, where the soap and a quantity of water sufficient to melt it, are heated together by a steam- 
iet. After subsidence, the contents of the tank divide timniselves ieto an uj>i)er layer of neutral 
palmitate of potash, and a lowar layer of i>otaRh leys, usually almnt 18® B. The neutral palmitato 
is removed to another vessel, and decomposed with wilphiiric acid; the last traces of sulphate 
of potash are removed by w’ashi ng with water. 

At tills stage, the palmitic aeid is of a clear chf)Colate hue, and when cooled, crystallizes in large 
tables; its solidification point varies between 50® and 53® (122® and 127® F.), according t() the 
uatui'C of the oleines employed. It can be distilled with great facility in the usual apparatus, and 
leaves only 3 per cent, of pitch. After distillation, tht3 palmitic acid is extremely white, and 
burns with a very clear, smokeless flame. Moulded into eamiles, it compares very favourably with 
tho best stearic acid ; and wljon njixod with ordinary, stearic acid, it “breaks the grain” of the 
latter (i. e. destroys its tendency to cryshdlize), and gives it a semi-trausparoncy, very valuable in 
'tile t*yes of a candle manufacturer. 

Instead of decomposing tho palmitate of potash by sulphuric acid, it may bo Iroilod with milk of 
lime, imd('r a jirossure of three atmospheres, when the result wdl be u limc-soii}), floating in caustic 
potash leys. much water, however, is necessary for tliis rea<’tion, that the resulting leys are 
only (1® B., and thoir concentration to 43® B. is so costly, that it is more economical to regenerate 
tho sulphate of potash by Ltddaiic's process. The potash leys may be complch ly causticized in 
the cold at a sp. gr. of 20® B. with six hours* brisk agitation, thus economizing fuel. The carbonate 
of lirno so obinined is pulverulent, and can be easily washeil by “ di«pIac(‘mont ” (i. t‘. running 
water through it to wash out the potasii), in a layer 3 ft. thick. *riu3 caustic leys are rapidly con- 
centrated to 43® B., nnd stored in tanks, where, on cooling, they deposit tlie small amounts of 
snlpliate and carlKmate of potash which they contain, nnd the vertii’al j>arti lions of tlie tanks 
bi3Com(3 covered with crystals of acetate of jiotiish, arising from the preceding solidification. The 
perfectly clear leys are then employed in the transformation of fresh portions of oleic acid ijjto 
palmitic acid. The crystals of acetate of pota.sh an? scparahnl from tin' leys whicli hang aliout 
them, by a centrifugal machine, and an* then taken to a distilling api>aratnH, where tlie acetic acid 
is disidacod by sulphuric acid. U'he crude aci.tic a'dd, th s obtaiiuid, is luirified by a second 
distillation, and beconn s of commercial value. Its quantity should be 2-5 per cemt. of the oil 
aolhlitied. 

Oleic acid, which is tho product of the distillation of fatty bodies, contains small quantitiea of 
hy<lrocarbon8 analogous to natural pet roh-inn. ’I'ln'se distil over during tlio c.ouvcrsLon of oleato 
of iMjtash into palmitate, and are conden.sed in a tower, fiirui.sUcd with transverse partitions, 
extending alternately nearly across its diameter. A siniplt; rectification makes them pure enough 
for illuminating oils, and the paraffin which remnin.s jn tho heavy portions of tho oil can be 
sepiiratod by crystallization in the cold. As a matter of purely scitmtiffc interest, it may bo 
mentioned that caprylic alcoliol, sebacic acid, caproic aci<l, and otlau- rare substances, are formed, in 
very small quantities, simultaneously >\ith the palmitic acid. 

All fatty bodies, with the exciqffion of nuirc’s grease, and the- fat of “ suint,” czin thus bo 
solidified by the action of caustic potash ; but the ultimate products vary, and the jialmilio acid is 
by no means always pure. Different percentages of palmitic acid are obtained in the final result, 
according to the nature of the fatty bodies employrd. 'Thus, lt)0 lb. of oleie acid, resulting from 
tallows dccomj;K)8Ccl by linn*, should yield 91 lb. of j)alnuti<‘ acid fit for camlh^-making, while 100 lb. 
oleic acid resulting from di.stillation i)roceH8e8, only yields 87 lb. of white i)almitic acid. 

Tlie following figures give the cost, in francs i>er 100 kilos,, of white palmitic acid produced 
from distilled ok ic acid : — 


General charges 

.. 5-80 

Bulphurio acid 

2 60 

liubour 

.. 6*35 

Wear nnd tear of plant 

•95 

lioss of alkalies 

Fuel for all operations . . 

.. 2*60 

.. 8*10 

Distillation 

3*50 


31 15 

Carbonate of lime . . 

.. 0‘60 


Caustic lime 

.. 0-65 

or a total of about 1 3k a ton. 



586 


CANDLES, 


It is not nccGflSary to descril)e lioro all the difflculliofl encountered in obtaining, byfhe Leblanc 
piocess, an economical transformation of sulphate of potash into caustic. It may, however, bo 
mentioned tliat an evaporating pnn^ placed at tho back of the furnace on a level with its bed, has 
been found most useful. It is fed by the mother-liquor of the sulphate of potash, which, by its 
ovaponition, keeps up a sujjply of moisture around the small particles of potash, which are 
volutilizoti, or carried over meohanically by tho furnace draught, and thus, by increasing their 
density, causcH tin m to settle in tho pan. This simple contrivance has so reduced tho loss of 
j}f>ta«h as to render pf>asible tho npiili<‘«tion of the Lfjhianc process. 

M. Kadisson claitiis the foilowiiig advantages, as accruing to the stearic acid manufacturer from 
tho adof»tion of Ijis pr(H’OHH 1. Utilization of tlio oloinc, a troubhsome by-product of variable 
value ; 2. The iioa ting capital necoHsary for tho purcha.se of raw material is tliminishod by about 
;{0 per cent., the ju-oductioii (»r steurirK! being increased hy nearly tlie amount of oleine produced ; 

3 Tlie manufacturer can use low-j)riccd greases, whoso value varies in inverse proportion to their 
rJclnu HH in oleine ; 4, Idie btc arine pioduced by this process is little, if at all. inferior to that 
product, d by viny otlua- process. 

It may be noted as an interesting fact, that the oleic acid produced by Bock’s process is more 
suita^de f<*r convt rhitai into palmitic, acid than that produced by eiiiier of the other methods. Tho 
twt) prtKiOHses (Bock's anti Kadi.-^son’s) artj worked conjointly with tlie most satisfactory results. 
The percentage, of palmitit' acid from JttKdv’s oleic acid, is liighor than tlint fiom any other. 

BW.r.— Bet.'swax is a product of no small iinjiortance for candle-making purposes. A trifling 
proportion only is made in lOnglund, l)ut it i.s of far 8 iij)erior tpiulity to the i>roduoe of other lands. 
A considmalih' (jimniity is imported annually from Corsica, ami smaller amounts from India, 
Ceylon, K'orth America, aial Brazil. Beeswax is always of a brownish or yellowish colour, and 
has a peculiar smell rt'seiiihling, and derived from, honey. It is i)nritied and rendered white b*y * 
being irndted in liot water, or by steiim, in a ves.sol either of tinned coj)per or of wood. It is 
allowed to sotlle, and tlu' waxy superstratum is run olT while fluid into a wooden trougli, having 
a row of peiforutioijs in its bottom, by which it is distributed tijioii horizontal wooden cylinders, 
ma<le lo revolvt' with their lower ]K>rtions surrounded by cold water. I’lie ribbons or fllms made 
in this way are then exposed to the bleaching action of tho utmosjdieve and sunlight, being 
froquenily moistened and IuiihmI over during tlm process. It is necessary to guard against wind, 
which might scathu' the shreds; for this jnirposi*, hirg(^ cloths are provided. The op(iration is 
continued until the wax becimu's x>erfectly clean and white. It is usually conducted from April 
till Heptmuber, the (exigencies of lh(‘ wataBier preve nting it at other si'abons. In Franco, it is 
customary to add a litiU' cream ot tartar or alum to the waiter in which the wax is melted, by 
which the long and tedious ojicridioii of bleaching is leiidercd nniucessary, or much shorter. 
Bloaeliing ngent.s, sncli as cldtuane, cannot lie employed to blcai^h wax, since tiny render it untit 
for making into candles. I’uritlcd in the above manner, beeswax is perfectly w'hit(*, and has 
neither taste nor smell; it lias a spccilic giavity of from 0*9(>0 to O'bPG; at a temiierature of 30° 
(80^' F.) it becomes soli, and melts at ()S° (154° F.j ; at 0"^ (32° F.), it is hard and brittle. 

Other kinds of wax are also used, sia^h as tfliinosi' wax, derived from an insect, the Concus 
ceriferus ; vlapaii wax, (.if vogidahle origin; Carnauba wax, from Bio de Janeiro, which is also a 
vi'gotabh' wax, reiimrk5d)lo and ('specially valuabh' on account, of its high fusing-jioinl ; and several 
other variebuis of vcgi'tablo wax, (halved, Hk(! tiie last two, from palms. Besidi's thc'so, may bo 
named the gro('nish nca, or m 3 rile wax, obtjiimsl from the fruit of the J/y/vV-.t en'ifera. It is 
used in Ameiicu for candle'making. AVax candles are siqx'rior to tallow' candles, not iniTely on 
tho score of hardnc.ss, cl('gauc(^ mid clcanlincs.s, but also on aevount of tlie greater purity and bril- 
liancy of their light. 

J'itnjjfiii. Dmiug the last twenty year.'^, jmrafliu has eonu' largely into use for candlo-makiiig. 
The crude solid prodiud siqiarah'd from the light and lunvy oils by tho mineral oilreliuers, and known 
as ‘‘paniflin scales,” is of somewhat vunahie composition. I'he iinjiurities amount, on un average, 
to 2d per C('ut of the weight, and con.sist of blue, oil, greasy liydrocarbons of lo\v fusing-point, solid 
refuse, and water, 'I'he oil manufaeturers, having an e}e to the (quantity of solid iiroduct, oftim 
aeparate the neah'S from tiu' (»il, as (‘arly in lh(( procf'ss of oil refining as possible, knowing that tlie 
8 ub«o(|U('ul distillation and tlie treatment with acid and alkali will nxiuce tho weight of solids by 
decomposition. ll('n(>(' tlie juoc(*ss of ri'tining may vary accoidiug to circnmstauces. The im tliod 
adopted hy Mi'ssrs. Young and by Win. Walls and Oo., of (Glasgow, is first to medt the ecalsas in a 
largo pan, by the iiitrodiufiion of steam tliTough a perforated wrought-iroii coil. The mechaniixd 
inijuiritios and tho bulk (‘f tho water subsido; tho supernatant liquid is decanted into another 
vessel, and mixed with a duo proportion of coal oil or spirit, varying in gravity from 0*735 to 
0'7U5, It is thou caked, or allowed to fall on a revolving drum, kept cold by an internal flow 
of water ; loss oil or spirit — say | of the weight of tho scales — is requirtHl by tho former plan, 
more by tho latter. The cakes or pulp, us tlio case may be, are thou placed botwoen porous or 
ttbBorbout materials, usually cocoa-nut matting lined with canvas. Those oro arranged in a 
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1. 1 ,ii,> V»rp 4 fitted with Iron plates and wickerwork mats to keep the layers distinct, and are 

removed. When this is accomplished, the cakes, as removed from the press, shoald be almost 
transparent. Instead of employing clean coal oil or spirit at each operation, some manufacturers, 
with a view of economy, use the pure liquid for the last wash only. When Ihis principle is adopted, 
tlio liquid pressed from the cakes at the last operation is used for those at the second stage, and 
from that stage again for those at the first stage. Thus the scales are subjected to three pressings, 



which, if done with care, should bo euflicicnt to pro- 
duce highly refined paraffin. It is obvious, however, 
that unless the scales have been properly treated by 
the oil refiners, before coming under the operations 
described, disappointment and failure will result. It 
is also clear that the refining will be more perfect by 
using pure spirif at each operation. 

The oldest form of liydrmilic press was the ver- 
, tioal cold press, still used for the commoner kinds of fat. 

The newly. introduced hot i)re.s8es, on the other liand, 
are horizontal in shapi^, and altogether of 8up£*rior 
construction. They are made by Needham and Kite, 
of Vauxhall ; and by Galabrun Frcrea, of Paris. 

Figs. 464, 465, and 466 show respectively a front 
elevation, partly in section, side elevation, partly in section, and a plan, of a novel hot press 
specially adapted to the requirements of paraffin, sperm, and stcarinc refiners. It is made by James 
Clarkson and Co., Maryhill Engine Works, Glasgow, from the design of W. Walls, Etsp, of that 
city, through wliose kindness the following description and illustrations have been obtained. 
For oonvenienco in working, and economy of labour, whether as a hot or as a cold press, it is 
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unoqnallcd. Tlie plate* A are notched at each end with a check of varying width^rrespondiog 
with tlie diameter of two vertically tapered bars B, placed at each end of the press and parallel with 
its supporting pillars. The object of this contrivance is to do away with the necessity for a balance 
weight, or other arrangement for bringing back the ram, plates, &c., when the press is opened. By 
this plan, on the ram being lowered by its own weight, each plate falls back into place, being 
stopped by the increasing size of the tapered bars ; thus the plates are held in their places, equi- 
distant from each oilier, and in a position to render the refilling of the press a matter of the greatest 
ease and simplicity. The bottom of the press is east with a trough on it, which receives all the 
drippings from the plates, while the cylinder heud, and the bottom collars on the pillars, are pro- 
vid( 3 <l with projecting (lrf>oj»ing rings; in this way, no oil can escape down the sides of the tapered 
bars or the pillars, but all must (lro]> into the trough. The press is entirely encased in sheet iron, with 
hinged doors in front, ff)r introducing and withdrawing the mak'rials. A perforated steam pipe C 
is introduced at the top of the jiress, and is carried down the back inside ; thence it passes on 
both hands around the bottom of the trough, for tlie xmrpose of keeping the drippings in a liquid 
state. An outlet jupe is attached to the front or back of the trough, and serves to conduct the oil 
to R tank. 

Tl'h(i process of purification is simply mechanical ; its efficacy, other things being equal, may 
1)© It subject of iirithmotieal oalcnlution, tlie factors being tlio rc'Hlivo quantity of sjiirit or oil 
used at each wash, the nmouni of oil Icdt in at each pressure, and the number of washes. Tliore 
is, moreov<'r, anotht r mntier which <'xcrciH<'Haii iinijortant bearing upon the results, viz. the tempera- 
ture et which the cakes am cooled after each melting. In the act of Cf»oling, crystallization 
fakes i)lnc(', an<l tin.* slowM-r this i.s performed the more perfect are the crystals. TJio result is 
that when a perfectly crystallized cfiko is subject, e<l to pressure, it b(‘h!ives like a sponge, yielding 
up tlu) iin])Tiriti('S to <‘oinbinaiion with the Hj)irit. A quickly (tooled cake, on the other hand, 
may b(^ compared to a piece of |iujiy or doiigli, and will not }>r(‘RH to advantage, nor yield satis- 
factory results. The wnshos continuing ilie iinpuritii'S, along with paraffin in solution, arc, as has 
been Bh<nvt\, eitlior H(‘ni beck In tin* proc(‘SH in bulk, or iln^ najildha may bo distilhal off, and tho 
roHiduo roturnod and treated ah initin. In all eases, tlie liquid which lias been used for the washing 
ut tin* first stage is tiie most heavily cliargcd with low liydrocarlmns, and must be subjected to 
distillation. Tho s]»irit is .scjiarabMl from this residue by sham heat, and may hi* used again; but 
tho heavier jiortionH ro(piire Ireatiuent with acid and alkali, as in the case of crude oils. 

Tho cakes, which, by rejteaicd wa.'^liiiig and pre.s.sing, liavc* Ikhui freed from colour, and from tho 
greasy eonstituimts which wouhl spontaneously d('comi>o.so and injure tho wax, will, even after 
extreme pressure in hydraulic prcs.si-s healed by steam, still contain a jiroportion of najditha. 
To get rid of tbi.s, the cakes i»uf into n still or ri'ctifier, nn iron vohhoI furnished with a 
condensing apparatus. Amongst ilie nu'Ited paraffin, high pre.ssuro steam is introduced through 
a iiorfomted i>ip<', and produces violent agitation. Tliis is continued till the last trnce of smell 
is removed, 12 to 70 hours being r('qnir<*d to effect it, according to the specific weight of tho 
oil nr spirit used. Tlic cond<-nsi‘r is employed for the puriioso of recovering the naphtha for 
fuiurt' use. 

'riu- only operation now recpiiring explanaium is the passing of the liquid wax through animal 
charcoal, llefon' this j)roc<*.sB can be ap])U< «l with elfi et, every trace of suspended moisture must 
be n'luoved ; this is done by beating the li(jui<l, as decanted from the rectifier, in a stoam-jacketed 
pan. After the <‘omph-te n mo^al of the water, fr(.shly burned animal eharconl, to the amount of 
5 to H p('r cent., is added in Uh' wax, stirred actively for half an hour, and left to settle. Tho 
clear liquid is ibeu nlloweil t,o ])t«reo]ate tbrougb filters, which effectually remove tho very fine 
particles of charcoal that refuse to subside. This liquhl, which should now bo as pure as water, is 
put into moulds to cool, wlicn it will be Kimly for candle-making. 

. Jiy the mt'tbfxl above descrilasl, tho very fine.st “ wax ” is now made by the Glasgow firms l>oforo 
inontioiu'd. Tho only drawbacks to this interesting process are tlie risk of fire, created by tho 
accumulation of infhimnuiblo vapour of naphtha, and the loss of volatile materials from the same 
cause. Tn obviate these drawbacks, idlier nudhods of refining paraffin have been devised and duly 
patented by their inventors; but no ollu‘r process has proved effective in yielding a paraffin-wax 
of equal purity and beauty. The patent process adojdod by Price’s Candlo Company, at Battersea, 
depends upon the fa<d that iiarutfins have ditferent melting-points. Oil has a greater solvent 
fH)W(^r over tlio low iiaraffins, consequently when a projierly crystallized cake is warmed to a 
degree Ixdow tho fusiug-poini of its higher constituents, the lower grades melt, and carry away 
with them oil and otlier impurities, leaving tho former comparatively pure and free from oil. The 
proportion of oil in these drainings is such that, when caked, they can lie pressed without any 
addition of naphtha, and can theveaftor b«^ mixcxl with scales for draining again. This operation is 
performed in “cooking ouplioardH,’^ closets about equal in size to an upright hydraulic press, fitted 
with shelvos formed of double iron plates, each shelf being charged with steam. The hard, partially 
purified paraffin cakes, which remain on the shelves of the “ cooking cupboard/* are melted in a 
lead-liued vessel heated to 177*" (350^ F.), and into them is forced from 5 to 10 per cent, of 
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sulphuric acid, sp. gr. 1*845, Sulphurous fumes are copionsjjy given off, and must be conveyed 
away by suitable means. The agitation with steam is kept up for several hours, and by this treat- 
ment, all the more unstable hydrocarbons are destroyed, and settle down in the tank. The contents 
arc allowed to stand for a time; the paraffin is drawn off, treated with weak soda-ley, then 
digested for a considerable period with animal charcoal, and pass* d through a filter, heated by a 
steam jacket to maintain the fluidity of the mass. 

Several materials have been substituted for charcoal in the above process. In ono instance, 
the addition of about 12 per cent, of powdered fuller’s earth, at a temperature of 110® (230® F.) is 
recommended. The mixture is well agitated, then left to settle, and the clear paraffin is run 
fcft’ The fuller’s earth may bo cleansed from paraffin by wpshing or agitation, and used again. 
By another process, invented by Bniitli and Field, silicates of magnesin, and of other basej, may bo 
employed for the same purpose. 

Pure paraffin is sometimc's uswl alone for candle-making; but it is gfmirally mixed with pro- 
portions of liard stearine, varying from ry to 15 per cc,nt. 'I'lie refined jtaraffin causes the candle to 
burn witli a flame of great power, while the high melting-point of tin' stearine remders it less 
liable to ben<l under the influenct' of a warm atmosphere, and to givo oft’ smoke during combustion, 

S^ycnnaceti . — Tho substance known ns ‘‘ sj)enuac(‘ti ” is a valuable proiluci for caiidlo-mak-Lng. 
The first operation needed to fit it for use is technically termed “ bagging.” Tho crude sponu 
oil, as brought in by the wlialers, is placed in a r€‘scrvf)ir, ut the bottom of whicli are a uumlK^r of 
|)ipes leading into long bags lined with linen, and temporarily closed at the bottom by tying cords 
round the mouths. The pressure exerted by the body of material in the reservoir forces a largo 
proportion of the oil through the parts of tlie sacking, leaving beiiind the solid or “head-matter,’* 
asii, dingy brown mass, 'i'liis Bo-call< d criubi or “ bagged ” sperm is deprivcal of a further (piantity 
of oil by the application of pressure. It is put into hempen bags, wliicdi are deposited botw^con tho 
phdes of a hydraulic press such ns tlint shown above. Tin* pn'ssurii npplied is about 80 or 00 tons. 
When the oil ceases to flow, the sperm is taken out, melted by heal, ami then drawn off into trays 
to granulate. The brittle crystallized blocks arc ground to a coarse j)ow(ler by nicans of revolving 
cylinders; the powder is colleeie<l in a bin beneath, and is flllrd into cloths, and subj(<cted to a 
hydraulic pressure of about 200 tons. The oil expiess(‘d under this forces contains n small amount 
of 8oli<l matters, and is ther<'f<u’e rcturm d for re-bagging. Tlie blocks, as turned out of the press, 
are melted down, and boiU'd for 2-3 hours with caustic soda l<‘y of sp. gr. 1*100, in tlie proportion 
of 40 parts by measure of the former to li of tlH3 latter, it is important to guard against an exccjss 
of alkali beyond that required for combination with the oil, as it would tend to saponify the 
spermaceti, and cause a waste of material. The nuxturc is kcj)t at a low, (Mpiubh' tomjtcraiure, till 
the nil is taken up, and is allowed to remain at a gentle ^immer, while tlui Hoa]> that has lieen 
formed rises to the siirfuec and is sKimmed ofl‘ heat is lljcn raiM('(l to about 12k^ (250'^’ F.), 

and the mass is treated with small successive dos< s of water, tin? n(lditi^ mil senm lieing carefully 
taken oft’ as it rises, till the ^^hole is clear. It i.'. then drawn off to crystallize' in ll.it tin dishes, 
whereupon the cakes are iigain reduced to jiowder, j»laccd in linen begs, and suljJecUd to hot 
yircssure in a very powerful hydraulic press healed by steam, alicr which the sjicrmaccti will still 
contain a quantity of oil, or weak sperm, wliicli no mere pre.ssure will remove, and wliicli must bo 
extracted by Baponilication. The flual oporuli(m consists in boiling down ila^ s])('rm with strong 
alkaline ley at 112^ (2,‘bV' F.), removing th(^ scum as before. Wlien the lali(‘r e.cases to appear, 
further purification i.8 cffccbul by introducing a little water, at intervals, wliilo tho heat is lowered. 
The supeiualaiit sponiiaeeti, now pi rfoeily colourless and trunsjiarent, is cast into Mocks and 
crystullizcd. 

Spermaceti candles arc valued for their beauty and illuminating iiowi'i*. They usunlly contain 
aliout 3 per cent, of wax or paraffin, to counteract the crystalline strucluniof the spermaceti, and are 
moulded in Bie ordinary way. Tho addition of a little gamboge makes tiic spermaceti resemble 
wax, tho compound being known as “ trauspareid wax.” 

o&okerit . — From “ozokcrit,” or “earth wax,” a kind of miticrid paraffin, have long been 
fashionod ernde miners' candles, in the districts where it i.s found ; hut the application of the sub- 
stance to tbo manufacture of caudles suited to civiliziid netiils is conflued in England to one firm, 
Messrs. Fitdd, of Lambeth. The colour of the mineral varies from brown to greenish and yellow 
tints; its fracture is resinous. It contains 85*75 |M>r of carbon, anil 15*15 j>cr wnt. of 
hydrogen, and apjHMira to consist of a group of hard, solid hydrocarhous, whose meitiug-jMiints 
rang© from 60® to 80® (140® to F.). Dr. Lcthehy says that the illumiiialing power of ozokcrit 
exceeds that of the best jiaraffiim, and is therefore far beyond those of siHirmaceti, wax, and stearine. 
The following table shows the nnmbcr of grains of the various substances enumerated iXH[uired to 
give the light of 1000 grains of the \mi spennaceti candles : — 

Ozokcrit 754 | Wax 1150 

Furaffin 798—891 . ; Various compounds ..992—1189 

Bpermacidi 1000 , Stearine 1200 
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The leading properties of ozokorit arc (1) That it has a very high melting-point, and does not 
bend or scjffcen in a warm atmosphere ; (2) that it has a great illuminating power ; (3) that it bums 
with a dry cup, and is not so liable to “gutter” as ordinary transparent candles; (4) that it is 
entir. ly free from Bmell, is not at all greasy to the touch, and has an appearance closely rtsembling 
the finest bleached beeswax. 

The relining of ozoki rit for the pui*|wses of candle-making is almost identical with the processes, 
already described, for reflning palm oil and paraflln. The mineral is first carefully distilled ; the 
product witli oil is suhmitti d to powerful pressure, to remove the latter as much as possible, 

the extraction of the last tjtices requiring a treatment with sulphuric acid. The melted material is 
thoroughly wobhed, and rcj^cutcdly filterc.d through animal charcoal. When thus purified, the 
ozokerit rohcmblos fine beeswax in colour, hut is more translucent than wax, though less so than 
parafiin. The hardness and high melting-poiiit of the candles made from this source give rise to a 
drawback, common to wax caudles, viz. tlic smouldeiing of the wiek on extinction. The immediate 
(xiUHO of this is the fact that the cup of tiie candle dries and solidilic's as soon as tho flame is blown 
out, so that there is no Ihjuid matter left to extinguish the spark. This difficulty is now overcome 
l>y a special contrivance of the wick. 

tv lUKS. — Tho next yK)int for cousideratiou is the wick, constituting the medium through which the 
oombuMtioii of tho fatly or hydroearboiiac('ou8 matter is performed. Tlie chief essential qualities of 
a wic>k arc good j»o\ver of absorption, and a caj^udly for burning freely, evenly, and thoroughly, 
while [>roducing the least po.-.bibhi proportion of ash. It mnsi necessarily be? quite free from 
incqualifi<vs of whatevtu* kind, and should lie made of p(5rrectly sound fibres. The forms and kinds 
of wick dilfer widel}^ with llio (jnuhty ami coirnK)siiiou of the caudle ; the melting-points, and other 
characteristicH of the hydrocarbonaceous bodit s forming tlie candle, Viiry to such an extent that/ ill 
order to burn to the la'si advantage — or iude<'d, in some eases, to burn at all— each sort of candle 
needs to be accommodated with u special wiedc. One of the greatest secrets of cuudloniaking is to 
have the wick p(ndrctly suited to tho })ecuharities of the fatty matteis employed; on this seoro, 
it i.s imf)OMHildo hon^ to do more tlinn indicate the principh's involved. 

Hut little variety is to bo rtanarked in the choice of inaicriul for making wicks. The original, 
and not yid obsohde, niodinm was the common soft rush, ./uncus anujlvimratus^ to bo found in most 
moist pastures, and l>y the suh's of htr<‘muR and ditches. 'Iliey arc in heat condition in the height 
of summer, hut may bo gather'd on to the autumn. As toon as cut, they are placed in water, other- 
wise they would dry and Hhriuk, and tho pool W(*uld not run. They are tllcn stripped of half the 
peel, tho object of whirh is to expoa<* the pith sufficiently to enahlc it to conduct tho molten fat, 
wliilo (‘iiough of the rigid <'})idormi,s rmnuins to afioid it support. When duly pcided, they arc laid 
out to bleach and take tlie dew^ for somo nights, and are afterwards dried in tho sun. These rushes 
are gutlu red in Ijaucashirc, and aliundaiilly in tlu* Fen Country, and in Ireland. Candle-wicks are 
ordinarily made of fiia^ cotton yarn ; 'i'urkish cotton rovings are said to he the he-st, but of the 
<?C)tton employed for this pur^ioso there is ccitainly a great deal more imported from the United 
Slab's thiui from Asia Minor. The wicks f>f night-lights vary greatly in composition, according to 
the fancy of tho mauiifacturcr. Sometimes little scctiorw of rush are used, as well as very fine 
cuTon yam ; but tho majority ooUhiHi of inkle,’' a fine llax yarn. 

U'h<! manuFneture of cotton and thix wicks is now performed almost exclusively by machinery, 
the tiin'uds of fibre lu'iiig bound t(>g('lhcr either by twisting or ])y braiding. For dip candles, the 
wicks reipiire to bo bulk'v and of loose texiur<-, in order that the molted tallow may rise freely. 
They are fhen fore mado by twisting, ami eoiislituto the .sinq)h'st t\»rin of wiek after rushes- The 
Coituu yarn clioseu for tho pui’iiose must be “oozy” or furry, and the threads must bo free from 
twist. I’lii.H is plac('<l ready balled in the cutting mucldno, a siuqde contrivance already repeatedly 
illustnited elsewhere. Hy it, tlu' yarn is doubled in ]>ropiT lengths around a rod; a knife then 
descends and severs the yarns, to whidi a twist is communicated, by means of a rolling apparatus 
worked by a treadle. Tho twist is S(>eured by dipping the wicks at oucc in molten fat. Twisted 
wicks hav(! a great drawback, iimsmueh as they are tmly very partially (‘onsumod in tho flame, and 
thus nceohsitab' tho tionblesome ojicration of snuffing. The first attempt to remedy this evil was 
mado by Hrici' s Candh' Company, on tho occasion of the Queen’s marriage. The candles were mado 
self-snuffing, by mt ams of plaiting the wick, and “ giinping” strings of wire, or other fibrous material, 
into the plaits, with tlu' object of Inuidiug tho wick outw’ards, so that the end of it should reiich the 
oxidizing part of the flame, and thus Ive destroye<l A simplification of this plan consisted in 
plaiting the wick with strands of unequal length, by which tho same result was attained. In those 
ciises, the wick was round. At tlie prosent day, plaited wicks are made flat, by which moans they 
acquiio a fiaiural inelinaliou to bewil. For all kinds of moulded candles, plaited, or in techniciil 
language, “braided,” wicks used, tho old-fashioned twisted wick being reserved for “dips.’* 
All improved formofwick-plnlting machine is sbowm in Fig. 407; of a triple set,pne apparatus only 
is scon. Tho contrivance is simple, but very ingenious. Tho strands of cotton yam are carried 
on three revolving liobbins, whose gyrations are regiiTatod by the boater beneath. The plaited 
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wick is pass^ away in an endless rope over the wheels Tn piinciple, this is identical with 
ordinary i>raiding machines, but it differs from them in alw%s having but three bobbins. Given 
projier materials, the success of a wick depends upon tlio manner in which it is plaited, and 
especially upon the relative tightness of the plaiting. Stearino candles require a moderately 
tightly braided wick ; for paraflSn, tiie braiding must be extra tight ; for sperm and wax, on the 
other hand, it needs to be unusually loo.se. 

Few candle-makers plait their own wick, 
at least in any quantity; they prefer, in 
most instances, to entrust the work to cotton 
spinners whp make it more or loss a 
specialty. The leading firm in this busi- 
ness is Haynes and Go., of Hainphtead 
Koad, London, who will couiteously afford 
every infori nation. 

After being twisted or plaited, the 
wicks are bleached in the ordiiuiry way, 
and thoronglily dried. Before being used 
by tlie candle-maker, they ar(» dipi>od in 
a hiiih of pickling liquor, the effect of 
which is to retard combustion, and to help 
in ('aiising ihe destruction of the ash. The 
pickle most commonly employed is a solu- 
tion of about one pound of horaclc sicid in 
of water; in Ihis, the wicks are 
soaked for about three hours. M^'hon 
taken out, they are eitlicr wrung, or i)ut 
into a centrifugal machine, to remove tlio 
first excess of water, and arc then com- 
pletely dried iii a tinned-iron box, pro- 
vided with a st(3am jacket. Various oth(;r 
pickles are rocommemled ; the j^rincipalaro 
— 1, A solution of 5 to 8 grms. of ])oracic 
acid in 1 litre of water, to which 0*8 toO*.') 
per Cent, of sulpliuricacid has been added ; 

2, a solution of pliosphato of ammonia 
(UHCil in some Au^triau works); 8, a solu- 
tion of Kal-aminoniao at 2'* to IP B(‘aum<i 
(proposed by Dr. Bolley); 1, si s^dutioii <>f ''x 

2 oz. borax, 1 oz. chloride of potsissimn, 

1 oz. nitnite of potassium, and 1 oz. <*lilori<li3 
of ammonium in 8 quarts water ; 5, the 
wick.s of the new] y-in trod need “snidlless 
dips" are plaited, and arc then soaked in 
a solution of nitrsrte of bismuth. 

Candle Manufactuiie. — Having desciihe*! (Jh^ nature and prejiar.ilinn of the mah'rials vvhicdi, 

In ouc form or another, constitute tlm two <*om]>onent part.M of evr-ry cundh*, tint nc'xt coirsidiirafion 
will be the manner in which their comhinalion is elleeted. Two jdanH oidy are in vogue, (jach 
exceedingly sinqdo ; one is known as dipping, the otl»cr as monlding. U'he former is omj)loyed for 
cimirnon tallow candles, which are accordingly called ‘‘dip.s." Tlio rods supiiortiiig the twisted 
wicks, as they come from the twisting and cutting machmci, arc transferred to a frame capable of 
being raised and lowered at will. This commoiijy taki s tlie form of a beam, but a b( tter arrange- 
ment is seen in Fig. 108. The frame, made of iron, and capable of revolving, is so suspemhjd that 
a perfectly horizontal po.^ition is always maintained, even under undue [*resKur(‘ at eithir end ; in 
this way, are secured a uniform lengtli of candle and a plumpness at the lop, which is difJlcuJt of 
attainment even by skilful workmen by the ordinary beam. Under the frame, are placc<l troughs 
containing melted tallow, into which the suspendcxl wicks are repeatedly dipped. After r*ach 
dipping, the adherent fat is allowed to cool sufficiently to retain a new C(»ttting on fresh immersion. 
The process is renewed until the candles have grown to the proper thickness; they nrc! then left to 
cool and harden. Dip cimdles are still largely manufactured, and are mucli omployenl jn mines 
and small factories, and by domestic servants, ns well as in cr)ttage8 ; but within the last thrfjo or 
four years they have there been largely replaced by the small mouldiMl “ cottage comfx>site»,’' made 
from distilled fatty acids, with a self-consuming wick. These are, in fact, small ilfcd cheap 
com|K)sito candles, made in the same sizes as the old tallow “ dips," and nt nearly the same price. 
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They are very largely maiiufactured by several Anns, among whom may be mentioni^ Chriatoplier 
Thomas and Brothers, of the Broad Plain Soap and Candle Works, Bristol. 

By far the greater number of candles now manufactured arc moulded, by which they acquire a 
much more finished appearance. The most simple form of moulding macliine is that known as the 
“ hand-frame,” which is in use only among small maniiracturers. The form commonly used is 
that made by Bierturnpfol, of Albany Street, 

Regent’s Park, and shown in Fig. 4G9; A, stan- 
dards and water-box, with candle moulds partially 
enclosed; B, movable clamps, for holding the 
ejoctod candles; C, liandle of ecciaitric wedge, for 
opening and closing the el amps ; D, pistons, having 
the tips soldtjrod at the lop ends, \vhi(di aro littod 
to the lower ends of tho candle moulds ; E, cotton 
bobbins, revolving on strong iron pins; F, crank 
handle, for raising the ijistoiis, by the action of 
whii’h the newly made candles aro (ijccted into the 
ciaii^ps ; G, handle of gmi-metal gland cock, for 
emptying water-lx»x (this cock is ho arranged thut it 
cannot huik or gesi out of order) ; H, ov(‘rflow pii>*‘, 
which prj'vent.s tlm b(»x from being overcharged 
with wabjr ; 1, n^avly made c.aiidk's, held by 
clamps whibi the melte d inaterfa! is being poured 
in, so that tlie wick is centred in each mould; 

J, a ck'aring pit>, to miable workmen to clear 'the bend of tho overflow pipe if it should become 
choked; K, a [npe to admit hot or cold water to the wator-hox. T]i(‘ method of using the mauhiiie 
is as follows; ~Aft(u- having luadt* tlie coimeci ion between the hot and cold water pipes and tho 
machine at K, and having conm eted the outlet pipe with a drain, tlu* machine is ready for cottoning. 
Tho pistons an', raised by turning tliC crank handle F, until the tips are h'vid with the butt ends of 
the tin candle moulds, wli('r<i they can be hold by Uie pawl catching in the pinion. A fine wire, 
doubled, and of sullicient lengtli to 
go through th(; tip-mould and piston, 
is th('n inserted, and extciKhitl below 
tllO piston Hiifilciently to ('liable the. 
operator to pass the candle wiclv (‘iid 
tlirongh the loop. This permits the 
cotton to be drawn up through the 
mould, it must them be securtHl in . . I 
any convc'uient inaiiiier during the 
flrstfilling. 'J'lui crank F is r< turned, ^ 

the melted niiitm’ial is poun d in, 
mill theopi'ration isoomplete. When 
nearly cold, the butt ('iids of the 
candles are shaved olV with a tin 
scoop or a wooden spud, 'Dh' clamps 
B should be ])la<'cd o))en ovi'r the 
machine; the crank handle F is 
then iiirncd, and tln^ candles are 
ejected into the open clamps, ’riiesc 
are then closed by the handle 0, so 
tliat ea(‘h eaiidlc is held in its proper 
position. The crank handle F is 
then returned to allow all (he pis- 
tons to r<'ced(' into (In ir plaecs; (he 
wiekfl aro (hue held in a central 
position by the candh's I and the 
cotton liobhins E. Tlu* inilton should 
be slightly straimal undt'r the piston pi do. The melted material is again poured into the moulds 
to form a second butch ; when (liesi? aro nearly set, Uie wiek.s are severed under the olumps, and tho 
first batch is removed iu tho damps. The tenijieraluro of the water in the machine is easily 
regulated, by shutting oil or admitting hot or cold water, as required, at the “f* connection at K, 
Jhe iutemul immersion pipes, situat-ed inside the water-box and between the rows of moulds, are 
perforatevd. These machines otvupy only about 3 ft. x 2 ft. of space, and are made to mould 
oandlcH from 1 lb. each to 60 to the lb. It is aUo possible to make candles of two different 
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diameters, or Several difiE^ent lengths, in the same machine. A polislied appearance is given to 
the candles by alternately admitting hot and cold water into^the water-box; the adjustment of 
the temperature is an operation needing special experience, tha men’s fingers forming usually 
thoir only thermometer. 

Another form of moulding machine is shown in Fig. 47Q. It is manufactured by Galabrun 
Fr^rcs, of Paris, and is in general favour on the Continent ; it is said to be capable of turning out 
200 candles per half hour ; but it 
is only suitable for stearic acid, 
or sindlarly hard material. 

Wlien moulded an 1 cold, the 
caudles are taken to little tables, 
fitted with circular knives re- 
.volving at high speed. Here 
the butt ends are trimmed, and 
the length of the candles is ad- 
justed to the weight. Some of 
the Hupeijior kinds oC candle 
undergo a special polishing 
oj^eratiou, performed by 8ul>- 
jecting thorn to the friction of 
felt and other substances. In 
Fig. 471 is seen a trimming, 
washing, and polishing maohiiio 
edinbined, as made by Gala- 
brun Freros. 

M(KitJicatiQ7is of Candle Mann- 
faciure. — a. Double wicks. — 

Some very thick candles, such 
as the so-called “ police-lights,” 
and otliers, used in ships’ lanterns, &c., are made with double wicks. Ordinary frames cannot be 
used in this case. The wick is threaded on a kind of metallic skewer, winch is thrust into tins 
0(‘utr(; of the candle mould. When tho candle has partially cooled, the skewer is withdrawn, 
and the wick is left behind. The space loft vacant by the extraction of the skevviT is iilled up 
with caudle material. 




b. Fancy patterns, — Instead of the plain cylindrical form, candles are somctiinos mode in a 
variety of fancy patterns — spiral or ropelike, with figures tf) indicate the hours, &c. Those require 
8i)ecial moulds. 

b. Self-fitting ends. — Many candles are now moulded with conical bases, so as to fit any bolder. 
For these, a little tin mould is fixed above the ordinary frame mould. 

d. Coloured candles. — ^For colouring candles, vegetable dyes are almost solely used. In these 
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extravagant days, ct^ndle- makers are often required to supply an article of a tint which will maldi 
some particular ceiling or wall paper, and no little ingenuity is required to ensqre such tints being 
permanent. 

As an illustration of the demands made by fashion, it may be mentioned that Fjrioe^s Candle 
Company keep 300 varieties of candle always in stock, and are open to make 1000 different kinds 
(including ^ize, colour, and material) in case of need. 

Though electric lighting fias emerged from embryotic obscurity into a palpable, fully-developed 
fact, much to the consternation of the gas companies, there is no reason to suspect that it will, within 
a proximfitc date, at all displace candles. With abundant evidence that the antiquated rushlight 
is still an article of domestic use — Messrs. Haynes supply between three and four tons annually, prin- 
cipally to tlie University towns,- there is safV^ty in predicting a long life for paraffin, stearine, and 
composite candles, and even for the humble “ dip.” 

Illwninatm<) Value . — It is sfjmewliat remarkable that the public, in judging of the value of a 
candle, are entirely guided by its mere appearance, and more particularly by its colour. The 
primary object of a candle is to give light. In estimating the value of any light-giving material, 
three factors have to he taken into account, viz. : — (1), the cost of the material; (2), the rate of its 
consumption; (3), the luminous intensity produci'd. In practice, a sperm candle burning at the 
rat? of 120 gr. an lionr, is tuki n ns the standard liglit with whicli all otliers are compared. This 
is the explanation of (he phrases “ sixieen-candlc gas,” electric liglit of so many thousand ‘‘candle- 
power,” and HO on. Hiich a standard, howev(‘r, is unsatisfactory at best, since very slight in- 
equalities in tlie wick, or cliangcs of its curve in tlio candle flame, materially affect the luminous 
intensity, without appreciably altering the amount of sperm consumed. Various other standards 
have been proposed, hut none are thoroughly reliable. (See Photometry.) 

The following tahh^s are the result ofexpcririK uts by Dr. Frankland, F.R.S., as to the luminoUs 
intensity, cost, &c., of various sources of light : — 

I. Quantities of diffcriiut substances required to produce the same amount of light. 


Young’s paraffin oil 1 • 00 gal. (about 8 lb.) Wax candles 2G * 4 lb 

American rock oil .. 1*28 „ Btearie acid candles 

Paraffin cuudlcH .. 18*6 lbs. Composite „ 29*5 „ 

Hponti „ .. 22*9 „ Tallow 36*0 „ 

II, Cost of different sources of light eiiual to that of 20 sperm candles, each burning for 10 hours, 
at the rate of 120 gr. an hour. 

t, d. i. d. 

Wax 7 1 Sperm oil 1 10 

Spermaci'ti 0 8 American rock oil 0 G| 

Paraffin 3 10 j l^iraffin oil 0 5 

Tallow .. .... 2 8 i Coal gas 0 4^ 


AJthongli it is impossible to avoid the inhwence from the above figures, that candles in any form 
arc V('ry expensive illuuuuating agents, compared idther with coni gas, or {laraflin oil (or any of its 
numiTous modifications), nevertheless, the numerou.s advantages which they possess render it 
exceedingly unlikely that they will, to a greah'r extent than at present, be snpiTsoded by cither of the 
two olieaper luelhods of illumination. Neitlier coal gas nor paraffin oil can be employed except at 
what are, for all practical purjio.ses, stationary iKiiuts; they cannot be carried aliout, while evolving 
light, from one jilneo to another, and are altogotlier di stituto of that element of portability, which 
renders the candle so vnluubli'. Further, cxcej»t in so fur as a fire may result from actual contact 
lietw('(>n a oauillc flniiio and any inflummublo substance, candles are absolutely safe illuminating 
agents, and persons burning iluun are not liable to the alarming explosions and liroa which result 
from the eareh-ss nsi^ of gas, or of paraffin lamps. 

Notwithstanding, lluTefore, the competition of gas and petroleum, and, it may be added, 
possibly of tlie electric liglit, there sim itis no reason for believing that the caudle trade will do other 
than iuon aso with the needs of the population, and will continue to repay every effort devoted to 
its imjirovement which is founded ujion truly scientific and sound oommoi*oial principles. 

Night-lights. — The making of night-lights is an important branch of candle manufacture. 
In 1877, Price’s Candle Company, who enjoy almost a monopoly of the production of these useful 
articles, turned out 32 millions of them. There arc two distinct kinds of night-light j the common 
form, so long known ns Child’s, from tho inventor, whose son now manages this departttieiitof Price’s 
Gundle Company’s factory, and the Company’s new patent nigbt-liglit. The former me made by 
running molten fatty matters into little wooden oa«?8, which are the result of a series of operations. 
Bulkn of timber, free fn“>m Icnots, are tho foundation of the manufacture ; the best American pine is 
preferred, but it is now becoming scarce and dear, and the so-called ** tulip- wood ” has often to 
1)6 substituted for it. Tlio balks of timber are brought under a huge planing mAchinc, which shaves 
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off beautifully even elioea, W ihioker thau stout paper, These are used as nHreH ^<ir ti»e boxes M 
which the night-lights are packed for transport as for the cases of the night-lights themselves* It 
is nerhaps a little out of order, but at any mte it is convenient, he .e to complete the account of the 
manufacture of the packing boxes. The slices of wood are cut into reciangular form of the required 
Jze and corresponding sheets of tough, but very thin, paper are pasted over them, by boys, at gr^t 
speed. In this condition, they are pressed, to ensure adhesion, and are then taken to a machine for 
the purpose of having incisions made in them, where t^’e edges are to be turned up to form the sides 
and ends. The cutters of this machine are so beautifully adjusted, that they completely sever the 
wood without so much as scratching the paper backing, which rem -ins to form the hinges or angles. 
The same thin slices of wood are used iii making tho night-light oases. The BlicoSy each of a size 
to form about a dozen cases, are coated with paper. This, like all the remaining processes in tho 
maniiiacture of Child’s night-light oases, is performed in a most dexterous manner by girls. Tho 
, slices are placed on a table before a girl, %\ho with one hand pastes a prifitcd yellow label on tho 
wood, while with tho other hand sne coats the paper label with gum, which gives it a glazed 
appearance, and at tho same time renders it waterpri^of, the latter being un important consideration, 
as the light has to be burnt in a saucer of water The double slices are immediately rolled to 
a given diameter, and are then carried on trays to a heated room to dry. After drying, each roll is 
subdivided into tho proper number of coses, by means of a lathe, at the rate of 150 per minufe. 
Next they are bottomed with cardboard, by means of a fitting stick, and an aperture is punctured 
in the centre for the introduction of the wi< k. This is provided with a tiny square tin-foil sustainer, 
which is secured to the case by means of a single drop of wax. The cases, thus prepared, are placed 
on trays to be filled. This oj)cration is entrusted to hoys, who manifest a skill and exactitude quite 
astonishing, and have proved themselves superior to any mechanism wliicli has yet been tried for the 
ptirpwe. The creamy fat is poured from a can with a liarrow straight spout, sutliciimt being 
tipped at one operation into each case to exactly fill it and no more, Wlnm cool, the exterior of 
each case is scraped with a blunt knife to remove accidental splashes, and the lights are ready for 
packing in tho Iwxee already alluded to. 

The new patent night-lights differ from tho foregoing, not only in lx ing made from very much 
better materials, but also in the method of manufacture and mode of burning. Cases are ilispensed 
with, and the fatty material, usually derived from palm oil, is moulded to tho required shape by 
beiug run into a frame, wliieh consists of a number of moulds or cups securely fitted to a Ixxi of iron 
or wood. Into these, the melted material is poured and left to (‘(kiI. When cold, tho cxcc'^s of fat 
is fccrafied off with a blunt tool, and tho night-lights, ready punctured for tho insertion of tho wick, 
arc lifted out by a screw. Tlie wicks arc introduced by boys. On eaeli wick, cut to tlio r letigth, 
is threaded a tiny square of tin-foil, which is to serve as a support for it during the latter stago of 
the combustion of the light; the wicK is then thiust through tho little (li^c of opaque white fat, 
and is secured by a cleat eft'ected by a .sha^p blow on a miniature vertical an\il. Tiu' ro[)i<lity and 
precision with which tho lads perform tJiis operation is sometliing to admin*. The lights are now 
ready for burning, for which purpose they are placf'd without v iter in little glass cups. Niglit- 
lights are made of various si/es, calculated to burn for six, eight, or ten hours. 

(See Glycerine; Oils; Ozokerii; Paraflln ; rhotonutry: Soap, SpefTmaceti ; Wax.) 

W. L. C. 


CANE. (Fm, Citnne ; Ger., liohr.) 

Tho term ‘*cane” is properly restricted to tlio class of plants known as “rattansJUn eluded under 
two olost ly allied genera, Calamus an<l IhtrmmorojiSy of which there are many spocios. Tliey are 
generally classed among the palms; but they seem rather to form tho connwtiug link between 
palms end grasses, uniting tho habits of the former to the inllore.scenco of the Infter. On tho 
differences in their mothrids of growth, has lieen founded their classification into “ground rattans,’* 
and “climbing rattans,” the latter beiug by far tho more nuuierous and important. Nothing can 
be imagined more graceful or beautiful than ucane-bubh. The plants often grow in extensive plots ; 
but frequently also as single spocimeriH, creeping to the tojisof the highest forest trees, falling again 
in festoons, alternately trailing and climbing. Tliey sometimes attain the enormous length of 500 ft., 
though more commonly 250 ft. is the limit, with a diameter Homewdiat less than half an inch. During 
growth, the plant is sheathed in a case of numerous and most beautiful loaves, which are stripped 
off when preparing the canes for market, leaving distinct rings to mark wheie the leaves have 
sprung from #ie stem. The stem, leaves, and tendrils are covered with terrible thorns. The fruit 
hangs in olusters of about fifty bcrrii'S, each as large as a cherry, bright, cream-coloured, and edible. 
The stem contains much water, which may be extracted by cutting off a section and blowing 
through it. The roots and sprouts, when just above the ground, make a good vegetable. The 
plant requires a moist rich soil. It is very widely distributed throughout the Indian Archipelago, 
Malay Peninsula, China, India, Ceylon, Africa, and Australia, htiing specially abundant in all the 
moist tropics of the East, lx>th continental and insular. 
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Over fifty varieties of Calamus have been identified ; those principally entering into commerce 
are the following : — 

C, rotancf ; stout. 

ruijkntum ; indigenous to the Moluccas. 

r>eru8 ; indigenous to Cochin China and the Moluceas. 

draco ; indigenous to Sumatra and the MoluCvCas ; furnishes the “ dragon’s blood ” of commerce 
Resinous Substancos) ; this and the two preceding are varieties of C. rotang. 

ct'ectus; found at Billujt, in India. 

Scipionwn; most ahundant in the Malay Peninsula; slender; supposed to yield the malacca 
cane brought from Riak. 

lioylmnm; grows the fartlicst north of any, l)eing found at Dheyra Doon, in India, and 
plentifully in all the eastern forests of Kumant. 

gracilis ; 1 

tenuis ; ? indigenous to Chittagong and Assam. 

extensus ; j 

australis ; indigenouH to the Louisiade Archipelago. 

• pcirarns ; a variety of C. ? otang. 

Rattans, or rotana, ar (3 among the most abundant of the trees indigenous to the Straits Settle- 
ments; the many varieties are disiingnishod by the natives as follows: — 

i^igga ; knotted, used for chair bottoms. 

7'iga segi : three-.sidod. 

Kairat ; uwmI for rigging. 

Tawar ; grows on river banks, and drops in long tendrils armed with thorns, which will pull a 
man out of a boat. 

Mannau; nmd for walking-canes. 

Sani'Wihoo; also used for walking-sticks; dark coloured and glossy, with joints far apart; grows 
to many liundred find in length. 

Dhaunan ; very long and thick; perhaps the largest enne of the spoeies. 

iSmnee ; long and delicate; colour, white; used by Malays for rigging and cobles. 

JAgor ticnar ; true rattan. 

Joinmg ; yields “dragon’s blood.” 

Salak; produces edible fruit : Calamus zalhicca. 

Jtumhan ; grouiul raltun ; grows siiaight up; length, about 7 or 8 ft. ; used for tying on thatch. 

^aboot ; list'd for cables and rigging. 

lihmi^ or IhtuH ; lias jioisoiioiiH It'avt's. 

Ootfanif', r(;d rattan ; used for blo\vpi[)CH for native ptysoned arrow’s. 

In Romeo and Sumatra, rattans abound in all tiie old and dense jnnglos in damp situations, and 
form ulmohl tlu^ jirincipal vegt'tiiblo prodmdion. I'he rattans of Romeo are esteemed finer than 
tlioHi' of any oilier iiart of the world; they are exported to Singapore and Batavia in iiumeiiso 
quantities from the Coti and Ranjnr rivers, on the southern and eastern parts of tlio island. Tht y 
are collccttMl and brought tlowti tlu^se strenius on rafts by the Rjuks, for very small remuneration. 
The principal supplies of Roriu'o arc gathen d at Ranjarniassing (tine sort), Pontianak (common), 
Coti (sinull, Sarawak (lino and coarse). Sambas (very long, mixed) ; tlio cliief places of 

production in fcHmiatra ari' Jainbi, and Punlagon on tlie west coast (glossy kind) ; Perak is the 
most important loe^ility on the Malay Poiunsula. 

The Rngis traders of Ronit'o barter Kuropean and Chinese production.^ with the natives for the 
canes. Th<‘.'<(T are then taken to Batavia, Romafnya, Ringnpore, Ponang, &rc,, and are there 
purchast'd hy Ikiro}K'an nuTehants, and shij)pcd to London and Liverpool. The majority of those 
produced at Coti and Banjarmassing go to Holland : those from Perak, to Penang, being re-shipped 
lhenc(A to London, and known ns “ Penang quality.” All th(' rivers of Northern Borneo abound in 
canes, and 1000 tons might be cut evt'ry your wilhonl exhausting the supply. The inhabitants 
would contract to cut them for a tiitle; l>ut the cost of carriage to shipping ports and for freight 
would o<piul flO or 70 per cent, on the first cost. By far the most valuable rattan, perhaps a 
distinct species, is Immglit from Banjarmassing, on the south coast of Borneo. It is worth 150 per 
cenl. more llinn any of the others. Vast quantities of rattans are shipped from the Malay 
Ardiipelago to Kurope, India, ami China, proluihly amounting in all to four or five ifiillious from 
Biitish territory alone. 

A fe\v 8]»©(nea are found in ]\Ia<lras territory ; but in India they chiefly abound in the forests of 
Chittagong, Silhot, and Assam, whence they extend along the foot of the Hiiualaysus as fur north 
as Dheyra Dnon. The East Indian rattans from Calcutta are very inferior, and usually glossy; 
those iVom tht^ Eastern Archipelago are, except the Penang and Sumatra varieties, not glossy. 
Rattans of rather coarse kind are found iu all parts of Formosa. A amall trade is done in them to 
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the Chinese coast, where their low price often affords thorn a m'^rket before the finer but dearer 
kinds from the Straits. ^ 

The most common ** ground rattan is the mapis flabelliformis, which grows all over Cliina, but 
especially in Lin-kin and the southern districts. It attains a height of 80 ft. and xipwards. Most 
of the fibre used by the Chinese is from tlie bark of this plant (ro Fibrous Substances).* Their 
great use among us is for walking-sticks, for which purpose they should bo chosen tapered, heavy,, 
well glazed, and with short joints, preferably those with roots attached, and always of sufficient 
length to cut up into a definite number of sticks, 38 to 42 in. long, without waste. 

The mode of collecting rattans is as follows A native goes hito the forest with hia paramj, or 
bill-hook, to cut as many as Ijo can carry. Having cut v cane, he hacks a notch in the nearest 
tree; next he strips off a small portion of the outer bark. of the cane, and inserts the peeled port in 
the notch in the tree. By simply pulling it through, lie easily and rapidly divests it of its leaves 
• and epidermis. When he has gatliered and peeled about 300 or 400 ctines, which tao as many 
as ho can cairy in a green state, ho sits down, doubles iip each one, and ties them in bundles of 
25 to 100. All that is necessary to fit them for the market is drying, a very easy matter in a 
tropical country. By this process, the canes assume the yellow colour with which we are familiar, 
some becoming glossy, others dull. On account of the small amount of labour entailed in th^ir 
preparation, they can be sold very cheap. The natives usually sell thorn by talc (100) ; the Chiiioso 
merchants, by weight (the picui, or 133^ lb., containing nine to twelve bundles) ; in India and the 
United Kingdom, they are sold by tale, and are imported hither in bundles of 100, worth from 
Ls. i}d, to 3s. 

Ou account of their lightness, flexibility, length, and strength, canos are ap])Iicd to a great many 
purposes in the coiintri(iB whore they grow. One variety, / mdentum, is U80<1 in enormous iiuantities 
for cablc.s, cordage, and fishing-lines, after being split and twisted. • Tlic splitting is performed longi- 
tudinally , the caries are thou soaked, and attaclied to a wheid. One person turns this, wliilo a 
second binds the split cane together, adding others to the length from a quantity carried round his 
waist. From the cordage tlms ma<le, bridges, hundreds of foot in length, are constructed ; over these, 
laden men, and even men on horseback, pass with case. In China, houses and slnuls are built of 
ratbui, at a cost of about 5 dollars each. Much of the beautiful and elaborate bnsketwork of the 
Chinoac and Jat)anese is from this source. Mats made from sjdit eano arc cxportisl from China to 
all parts of the world. Very large quantities also are employed us thread, for sewing pieces of 
fabric together to form coverings for boats, carts, &<!., us a suhslitute for tarpauliiw ; and for joining 
the leaves of palms, constituting the roofs and sides of dwellings. Another vtTy wide application 
of thin threads of the cane is for the both)ms of rice-sieves. Tlio well-known broad-brimmod Chiiicso 
hats are made of the same material pluitod. The applications to which ciimss arc put in this 
country are scarcedy less im[)ortant and varied. For all larger baskets, such ns arc used in cotton 
mills, sugar refineiies, and mo.4 factories, as well as for those employed on railways, and by gar- 
deners, hucksters, coiil-d(‘ulerB, and washerwomen, canes have almost entirely replaced willow 
bviffalo hide, &c. They are unusually well adapted for makiug the baskets used in transpofting 
carboys containing acids — forming au 
important branch of the basket- maker’s 
trade — as tlio silica contained in ^he 
outer bark servos as a protection 
against the acid, which is sure to be 
spilled ou them sooner or later. The 
manufacture of balloon cars, rustic 
and garden cliairs, lattice- work, meat- 
safes, and brooms, also consumes a 
large quantity. Rough matting also 
is made of rattan, and is sold at 2«. to 
2s. Gd, the square yard. 

In Fig. 472, is seen a machine 
which is used for splitting rattans. 

One of its chief advantages is, that it 
produces from the centre of each cane 
o, a perfectly round and even rod c, of 
considerable ‘value for making orna- 
mental window blinds, fancy baskets, 
chairs, &c. ; whereas with the old- 

fashioned method of hand splitting, this core is saorifloed, in order to obtain the slri|i8 of outer 
surface. The cane is carried past the hollow cutter by revolving feed rollers, other rollers being 
placed beyond the cutter, for drawing out the central core. The cutter is so constructed that it 
divides the cane at one passage into any desired number of strips 6, at the same time removing the 
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central core c. The rate of feed i» 150 ft. a minute ;• by simply chan^cing the cutter, the cane can 
be cut into etrips of any desired width. A great improvement consista in the feed rollers being 
arranged to work horizontally ; the strips of cane as they leave the cutter are thus easily collected. 
The machine weighs about 7 cwt., requires only | horse-power, makes 200 revolutions a minute, and 
costs about 65^. It is made by Mfssrs. Ransomes, of Chelsea, from the designs of Mr, John Fisher, 
of Mincing-lane and Singapore, who has secured patent rights for its application in the Strait# 
SettlcmentH, tb(' headquarters of the export trade in canes. 

For making the seats of cliairs and similar work, an industry which consumes probably half the 
rattans imported into this country, tlie selected caries should be long, of bright pale-yellow colour, 
small size, and not liable to break. All such as are dark coloured and snap short on bending 
should be rejected. Four jiouiids of rough rattan are required to yield one pound of strips for cane 
work. A largo quantity of cane is now used, as a cheap substitute for whalebone, in umbrella and 
parasol ribs; a set of cane ribs for the former costs only ; and for the latter, Jd. to Id.; while 
whalebone amounts to 2«. Od. or 3«. The siliceous exterior of tbo cane cannot be dyed; but the 
cores used for ribs, as descriliod, may he sisdned any colour. They arc usually dye<l black by log- 
wood and sulphate of iron. They range in size from that of n pin wire to the full dimensions of the 
care. In saddhjry and harness making, and in all kinds of wickerwork, rattans are now much 
employed. The helmets of tlje (h rimin army are made sword-proof by a lining of cane wicker- 
work. The liglitncHH, 8triU)gtb, ami cheapness of the material make it eminently fit for this purpose, 
and tlio idea is worthy of being copied in our own military ami police forces. 

The waste produced in pocliiig the canes by hand, as is still ilono in Bcdgliim, is known as c;*m 
and is utilized as a fibre fi>r filling mattresses, f(»r making mats, for ties and bauds used in 
agriculture, and jis a substitnb* bn- liny and straw packing. MattressiJS stuffed with this substance 
are in great favour on the Continent, and are much used in the hosj)ital8 of Antwerp and either 
largo towns. They are always sweet and pleasant, and arc sold wholesale at as little as 4d, to 8d. 
mch. 

Ijargo ns the consumj)tiou of cane, now is, it was only in the early part of this century that 
importation first took place, and it is but very recently that cunos have formed any considerable 
item in tbo conum'rce of the country. A very largo trade is now carried on with Western Europe 
and tbo Vnited State.s, tbo principal centres of expoit being Batavia, Sarawak, Singapore, Penang, 
mid Calcutta. Statistics <Hmccrning the production, exports, and imports of canes are very 
scattered and disjoinb'd. In 1870, wo received more, than 24 J million rattans from Singajmro, and 

millions from otbi^r placcH, bcHidcs alwait fi million other canes and sticks, of the aggregate value 
of About (KbOOO buudlos of lOOeaicb are annually injported into Liverpool alone. TJio 

estimated .yearly consuijijdiou in I’hirope, tbo Fast, and America, is upw’ards of 25,000 tons. The 
exi^rt of cane matting 1‘rom fddna to the ITnited States alone is more than 10,000 rolls of 40 yards 
^cb p(^r annum : but tlu'se figures juobably ineludo other canes benides rattans. From Java arc 
e\povt('d about 80,000 to 90,000 piculs^ of 12 buiullcs each, a year. About half of these arc imported 
by Ibe Duteb Trading Cv\)in[>any, and the reiiinindcr by private mercliants. In 1875, the exports 
from Java were about 79,000 owt., principally to Holland, the Cduuinel for orders, and America. 
Th(' ruling i)rice was 12 lo 14 llorins (of In. 8d. eaeli) a pund (133J lb.). Tlie quantity exported 
from Java, in 1S70, was about 73,000 ewt. ; and tbo value of tbb rattans sent out of Bonu^o in tho 
Biuno yeaj; was 9851/. The Java exports, from Isi July, 1870, to end June, 1877, were. 41,184 
pivuls; in the following twelve months tln-y were reductHl to 27,989 pinds ; viz. to Holland, 13,839; 
Channel, 10, 000; America, 2337 ; Denmark, 400; Chinn, 259; I\)rt Said fur orders, 194; Cadiz for 
orders, 157 ; Lisbon, 130; Australia, 49 ; Franc(‘. 18. This reduction was owing to tho depression 
in prices in Europe and America, wliich ruled about ns follows; — Pudang, 1311, to 8 11. a picul; 
Banjarmussiiig, 12 fl. to 10 11. ; fine long kinds, 11 11. to 15 fl. 

CARAMEL. (Fu, and Gkr., CtmunvL') 

This substance is rertmd by the application of heat to sugar, or to various materials containing 
sugar, such ns mobisses, cotleo, malt, It Ls of u very dark-brown colour, and is quite tasteless; 
it dissolves mpidly iu water, to which it imparts a fine sepia tint. If it bo required in small 
quantities, and in a perfectly pure state, it may be obtained by dissolving burnt sugar in a small 
quantity of w'ater, and precipitating with alcohol. On the commc'nual scale, it is most ooininonly 
prcjiared Irom brown *• moist’' sugar, which should contain as high a percentage as possible of 
saceharino matter. Tho sugar is placwl iu largo circular shallow vessels, heatetl from beneath ; 
when melted, the impuritios which rise to tbo surface aro slcimmiHl off. The whole is left for a 
abort time to cool, and is then rehouted, the operation of removing the floating impurities being 
continued until they cease to rise. While still hot, the sugar is ladled into tin cones, measuring 
about 9 in. in diameter at the top ami 1 in. at the bottom. These cones are open at the lower end, 
but wires are strotcbetl across to prevent the exit of the semi-fluid mass. Through these apertures, 
the molasses ooniained iu tho sugar is allowed to escape into vessels placed below to receive it. 
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The sugar thus freed 5rom all impurities is left to become hard, and is then once more heated in 
large copper vessels. It is kept gently simmering for some titxie ; the heat is then suddenly raised, 
and the contents are allowed to boil rapidly for some minutes, during which time the conversion of 
the sugar into caramel is taking place, and the substance is acquiring its oharacteilstio colour. 
When the operation is complete, the fire is suddenly withdrawn, and the contents are cooled as 
quickly as possible. 

Another method of preparing caramel is by heating molasses. The latter, in quantity about 
21 pints, is placed in a deep pan, and subjected to a strong heat; it is meanwhile continually 
stirred with a large wooden spatula, to prevent its burning on to the bottom of the pan. On heating, 
the molasses has a tendency to bubble up vigorously; to correct this, about 10 grm. of virgin wax 
are added. When heat has been applied sufficiently long, as iiidicated by the odour of the liquid, 
and by its slight adhesion to the sp/itula, the pan is quickly taken off the fire, and into it is gradually 
and cautiously poured about 8 pints of water, previoui.ly heated to 00'^ (140^ F. ) or 80° (176° F.), 
with constant agitation. At the conclusion of this operation, the caramel is passed at once through 
a hair sieve. 

In France, sugar, which has been subjeciod sufficiently long to the toniporature necessary to 
produce the desired tint, is dissolved in lime-water, and sold for colouring purposes. ^ 

Tho principal use of caramel is for communicating a brown colour to wines, spirits, vinegar, &c.; 
the greatest quantity is consumed in brandy making, for winch it is invaluable, orio gallon of gwd 
caramel being sufficient to brown 1000 to 1200 gallons of brandy. Porter also owes its dark colour 
to the presence of caramel. 

CAKBON. (Fr, Carhone ; Ger., Carbon.') Symbol, C. : atomic weight, 12. 

• Abundant informution as to the charactois, occurrence, and combinations of this element are to 
l)e found in every handbook of chemistry. This article will bo confined to a description of tlie 
artificial carlnjus employed in oketrie lighting, 

Tho rods first used for the electric light wmro of wood charcoal, (pioncbod in water or mercury ; 
they burnt with brilliancy and regularity, but too rapidly. Next, tho carlxm which is deposited 
in gas-retorts was employed; its chief faults are found to bo want of homogeneity and purity, 
causing variations in brilliancy; liability to split; and hardness, entailing considerable cost 
for cutting it into “pencils’* of the required size. With the sndtlon iinjietus given to electric 
lighting, much ingoiuiity has }x)en devoted to the production of a more suitable carbon for this 
purpose. lu some instances this has boon attempted by purifying gas-relort curbuii. The first 
plan of this kind was trs follows; — Tho retort carbon is fused with caustic potash or soda, and tho 
carbon rods are digested in this bath at a rod heat lor fifteen minutes. In tiiis way, tho silica pre- 
sent is converted into a soluble silicate; the rods are then washed in boiling water, and are sub- 
mitted for several hours to the action of chlorine at red In at, to ehangc tlu' ('urthy matters Into 
volatile chlorides. Thes<' rod.> give a regular liglit, but the ])urilieaUon is cosily and iueflieiont. 
From a Dumber of experiments on retort carbons impregnated with dilfen nt salts, it seems that 
potash and soda double the length of tho vollaic arc, render it niojo silent, comhino with iJie silica, 
and eliminate it from the carbons during the action of the current; tiny also augment tlio light 
in tho proportion of l*2.5tol. Lime, magnosia, and strontiu inereaso the light as 1*40 is to 1; 
iron and antimony, as 1*60 or L 70 ; horacie aedd is said to lengthen the durability of lytjLe carbons 
by coating them with a vitioous layer, but it docs not increaHii the light. 

On the other liand, exiieriments liavo been made witli a view to manufacturing a carbon from 
oilier sources. In one instance, it whs endeavoured to imitate tlio 2 >roccss of formation of reUirt 
carbon with fmre materials. 'Pars resulting from true distillation, therefore free from all non- 
volatile impurities, were decomposed in a tub(‘ of refnictory earth in a furnace, and yielded plates 
of carbon which, wdien cut into ‘‘ pencils,” gave a light that was steadier, whiter, and 25 ^ler cent, 
more powerful than that obtained with ordinary carbons. *l’ho bardnoss of the material, however, 
entailed great cost for cutting, and caused iniK'li waste. Another jdan consisted in mixing two jiarta 
of pulverized retort carlxm, two parts of pulverized wood charc^oal or coke, and one part of tar; 
mixing the mass to a stiff* paste, and subjetdiug it to great pressure. The moulded pio<i 08 were 
covered with a coating of syruj) of sugar, placed beside each otlier in a vessel of retort carbon, and 
submitted to great boat for twenty or thirty hours. At an early date, a mixture of pulverized coke 
and sugar was proposcKl. To powderecl coke, a small quantity of syrup was added, and the com- 
pound was pugged, moulde<l, and strongly pressed. Next it was heated moderated y, tlirust into a 
concentrated solution of sugar, and finally healed to whiteness. Curmer’s carbon oonsisls of lamp- 
black, benzine, and oil of turpentine, calcined together, and moulded into cylinders of i>orou» 
carbon, which is soaked with resins or saccharine matters, and again calcined. Tlte objections to 
this are the high price of lampblack, and tho difiiculty of managing it. Feyrot’s carbon is 
prepared by soaking pieces of older-troc iiith, or other porous materials, in liquefied sugar, and 
decomposing the sugar by heat. By repeating tliis process, a dense carbon is obtained ; it is then 
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Btibmitted to a current of carbon bistilplude vapour. In Archereau's carbon, the addition of 
magnesia makes the light steadier and increases its power. Carr^ adopts the following mixture : — 
Coke iK)wder, 15 parts; calcined lampblack, 5 parts; and a syrup (composed of 80 parts cane 
sugar, and 12 parts gum), 7 to 8 parts. The whole is thoroughly triturated, and receives an addi- 
tion of 1 to 3 parts of water to compensate for that lost by evaporation. The paste is pressed, and 
passcMl through a draw-plate. The carbons are next arranged in horizontal layers in a crucible, the 
lowest tier lying on a bed of coke dust, and the upper ones separated by paper to prevent 
adherence. Between the top and the cover of the crucible, is placed a stratum of coke dust ; and 
upon the joint of the (!over, is spread siliceous saud. In this position, the carbons are strongly 
heated, and arc then placed for two or three hours in a concentrated boiling syrup of cane sugar or 
caramel, two or three intervals of cooling being admitted, in order that atmospheric pressure may 
force the synip inio all the pores of the carbons. These arc then allowed to drain by opening a 
tup in the bottom of the vessel ; after this, they are well washed with boiling water, to remove the 
sugar adhering to their surface. When dry, they are subjected to a second heating, and are passed 
through a repetition of the process till the reiiuisite density is obtained. In many respects they 
resemble retort carbons, but are harder, more tenacious, and better conductors. 

Upon tlie intro<i»ictioii of foroigu substunci's into the carbon rods, a number of experiments 
ha^o IxiOiv made. The materials ehosen have been phosphate of lime, borate of lime, silicate of 
litne, clilorUh; of calcium, phosphates of mnguesia, liorate of magnesia, magnesia, silhjate of alumina, 
and pure precipitated silica, with tla^ following observed results : — 

riioHphahi of lime is completely decomjjosod, reduced culc.urn goes to the negative carbon, 
and in contact with the air it bums with a rc<ldish flame. liime and phosphoric acid are 
abundantly difl’useil in fumoH. The light, as measured by a photometer, is double that produced 
by similar sizo<l hkIs of retort carbon. * 

Borate and silicahi of lime, and chloride of calcium are all decomposed ; the borucic and silicic 
acids are volatilized, and escape electric action. The iigbi does not equal that from phosphate of 
lime. 

Miiguc'sia salts ar(^ doooni posed ; the magm'Kium burns with a white flame, while the acids are 
vaporized. 1'lie light is less than from lime salts. 

Bilicato of alumina, and alumina, require a very strong current to effect their decomposition, 
and burn with a blue llame of small illuminating power. 

Bilica melts and volatilizes without uiidi'rgoing dticom position. 

M. (laudoiu has proposed two distinct metho<ls of pre]*uri?ig carbon for electric rods. According 
to the fust, he (lecomposes by liiiut, organic matters eajiable of yielding pure carbon after decom- 
position, 0 , g. iiilclies, fats, 'J’lie dteomposilion is eflecbul in closed retorts, or in graphite 
crucibles, at bright red li(5ut. In tin* hollomsof the latler, are provided a tube for the lUx)ratiou of 
volatile matters, nu<l a si'cond tube for fei'ding jairposes. The gaseoUis pmluets of decomposition 
are led into a condensing ehainlxu', for recovery and utilization. The mure or less compact carUm 
remaining in tlieietort is finely pidvctrized, and with it are mixeil certain pn portions oflampblack, 
and of the carbides of bydrogem previously proiluced by tlio decomposition process. Those, being 
quill’ free from iron, are much superior to comim'rcial hydrocarbons. Tlio draw-plate or moulding 
apparatus emiiloyed by tiaudoin ditlers from tluit, cou moulv nm^d itj the following important 
particulars. The carbon is madi’ to ishui; horizontally, at angle of about 50 \ and is 

guided bytUlK-s, and Bup}>orted so that the mould can ^ without iutemiptiou and the 

carbon does not break under its own weight. Gaudoin’s . au is to take dried wood, shajied 

in tlio form of the rod, and to cnihunize it and soak it in cj mous liquids. The wcK)d is then 

subjected to a slow distillation process, in oidor to drive ott* i volatile matters ; it is then washed 
in ueids or alkalies, to rtinove impurities ; and is tinally desiccated in a reducing atmosphere at 
very higJi temperaturo. The jKires of the wowl are closed by Bubinittiug it to the action of chloride 
of carbon and various hydnwarlKUis under heat. This process promises to afford carbons which 
will burn at a slow rnti', and give a steady light. 

The advantage derived from closing the pores of carbons has been further attested by the 
success of th(' Sawyer and Maun rods, which are prejmred in the following manner : — The carbon 
rod is immersed in olive oil until it has become thoi-oughly saturated ; while in this condition, it 
is inoludi’d in a ])Owerful oleetrio current, tlie effect of which is to carbouize the oil in the pores 
and on the surface. UikIs tliiis prepared are extremely hard, of steel grey colour on the surface, 
and give very constant liglit. 

Bud earlxms arc undoubledlj’' rondenMl more uniform conductors by covering them with a 
coating of metal, A great iucroasi' of light is also secured by a slight coating of metallio bismuth, 
or by saturating with a solution of nitrate of hisinutli. It has been proposed to attain the same 
i nd by incorporating powderoil copper or iron willi the carbon ; also by insertiug a wire core in 
the rod, and by winding a thin strij> of metal around it. 

* The Electric Liglit,' Dr. Paget Higgs. (See Blacks; Gems ; Graphite.) 
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OABBON BISTOPHIDE , OAA BOinO l>ZStn<FaiDE, SULFHOOABBONIO 
AOID9 THIOOABLBONIO ANHTDKIDS. (Fa., Sul/tilfe de axHxme^ Acide sulfooarbmiqm; 
Geb., Schwefelkohlenstoff.) 082 = 76 ; relative woiglit,' 38. Sp. gr. at 0 *^ (32° F.), 1*0272; at 
16° (60° F.), 1*272; sp. gr. of the vapour at 16° (60° F.) (theoretical), 2*6296; (observed), 
2*6447 ; boiling point of the commercial article, 48° (about 118*4° F.)» that of the pure substance 
43° (109*4° F.). 

Bisulphide of carbon is a colourless, heavy, very volatile liquid, possessing an acrid, pungent 
taste, high refractory powers, and a very powerful ftotid, alliaceous odour, due to the presence of 
impurities in the unrefined product, but only giving off an ether-like smell when pure. It has 
been considered insoluble in water ; but this is not strictly true, as, by prolonged contact, water 
will dissolve it at ordinary temperatures, in the proportion tT about weight of 

water. It may be mixed in almobt all proportions with alcohol, etiier, Inanzinc', and the fixed and 
volatile oils ; and it acts as a solvent of fats, oils, rositib, indiarubber, sulphur, phosphorus, bromine, 
chlorine, iodine, camphor, &c. It cannot bo solidified in vacuo except it be mixed with ether, and 
for its congelation, under ordinary conditions, a very low temperature is required ; it may, however, 
easily be frozen by directing a very strong current of dry air upon the surface of the liquid. By 
the evaporation wliich ensues, so nmcli heat is rendered latent that the mercury of a thonnomojer, 
placed in the vessel during the operation, will not have descended to 32° F. before a coating of the 
frozen substance will liave been formed on the sides of the vessel. The teraperiituro then falls 
rapidly to 0° F., while a wliite manimi Hated mass rises to the surface. When tho whole mass has 
solidified, tho temperature rises again to 10° F., where it continuos until molting supervenes. Tho 
bisulphide will remain solid for some time, and, w'lulc in this state, |)os8e8ses a peculiar aromatic 
odour. It is highly inflammable; its vapour wlnm mixed with air takes fire, according to one 
nulfiority, at about 149° (300° F.), exploding with great violence under some conditions; another 
authority asserts that, when mix<sl witli hydrogou or carl)onio oxide, it ignites below 210° 
(420° F.) ; it burns with a blue flame, giving rise to sulphurous ftud carbonic anljydrides. Further, 
it is deadly poisonous, inhalation of (he vapour producing giddiness, vomiting, congestion, and 
finally coma. Idio pure liquid, exposed to sunlight for a consicUnahle timo, undergoes partial and 
gradual decompositjon, turning yellow, and depositing an insolubh^ brown substance. Bisulphide 
of carbon is composed of 15*8 per cent, of carbon and 84*2 per e(int. of sulphur, aud is produced 
by passing the vapour of sulphur over cluircoal ki'pt at a rod heat, •)r by distilling an intimate 
mixture of native metallic sulphides with charcoal or coke, the former being tho only method 
employed coinTuorcially. Tiiough not to bo compared with sulphuric acid, f(»r instance, as rc^gards 
its importance among manufactures, it nevertheless takes a high jilace among chemical products, 
principally by reason of the fact that many substances formerly discarded as waste liavc, by its 
use, been made to rciifler valuable returns. 

Manufacture . — The arrungcinent of th<^ furnaces cm {>Ioyed in making biKulp}iid(j of carbon varies 
considerably. According to a v^ry gen(*ral plnn, tln;y conwist of four linaday cylinders, each 
about 5 ft. 10 in. higli, and 20 i?i internal diaiiKh'r, with a '•ing about 0 in. from tho bottom, 
supporting an eartlnmwaro tray full of holes, which forms a griding. Fach cylinder is furnished 
with three holes in tho cover, tho first for tlio intnxluctioii of the sulpliur, tho second foj’ the escape 
f>f the gaseous bisulpliide, the third and largest for the. introduction of ilio charcoal. Tho opera- 
tion being conducted without intermission, thr(5c churgos of chaicoal per twenty-four hours are put 
into the cylinders, each of which is supplied at regular intervals of tluee minutes with cliarges of 
about lOJ oz. of cofirsoly pulverized charcoal, tlm four cylinders thus receiving, in the course of 
twenty-four hours, about 300 ib. of sulphur each, or a total of 1200 lb. The four cylinders are 
set perpendicularly in miisoury, and hoat<‘d by tho flame of a single fire. A small j)oreelaiii tube 
alx>ut in. diameter jjasses througli the cover of eacli cylinder, and also penetrates tho false 
bottom, while it rises about 10 in. above the cover. A second opening in tho cover admits tho end 
of a bent tube, about 31 in. diameter, by which the gases make tln'ir escape h) the coolers. Finally, 
the third opening, 6 in. diameter, is intended for the reception of the k‘g of a funnel ouch time 
cliarcoal has to be supplied to Die cylinders. 

The cooling apparatus (X)iisi8ts of about eighteen cylindrical vossehs of sheet-iron or zinc, com- 
municating with each other. Each of the.se is about 26^ in. diameter, bottomless, and with slotted 
sides, which plunge into a larger saucer cx>ntaiuing watt*r a little deeper than tho openings, so as 
to form a water-lute, permitting the passage of condensed liquids widle closing tho exit against 
gases or vapours. TJie false Ixittom of these vosboIh hns two openings, which receive tJie bent 
siplion tubes forming tlio connection between the jars ihcmsolvos, and between them and tit© 
cylinders. The sides of th< so vessels rise about 4 in. higher than the false bottom, forming a 
saucer, which Is filled with cold water to assist in tlie cooling. Each group of four vessels is sup- 
plied with a cylindrical cavity at a lower level, to admit of a receptacle being placed in fwsition for 
siphoning off tho liquid bisulphide as it acoumulat&s. The gases escaping from the four cylinders 
circulate, by means of tubes, into the eighteen coolers, and from the last of these, are carried 
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diroctly into the chimney of the works, or better, are first made to traverse “ acnibbers ” of 
pulverized lime in layers, for the purpose of retaining the hydrosulphurio acid gas, which would 
otherwise create a nuisance to the neighbourhood. 

Tlie mode of operation is as follows :--The four cylinders are filled with charcoal and properly 
closed ; a fire is then made, and by it, the cylinders, and the charcoal contained in them, are 
rendered of a clear red heat. Then, but not before, the introduction of the sulphur commences, it 
having been previously wrappe<l up in little cartridges. Two cartridges, forming a charge, are 
introduced into the tube conducting to tlie false bottom of each cylinder ; the upper end of the 
tube is then closed with a bung of clay cnvolo]:>od in a covering of linen. The charges of sulphur 
are made every throe minutes ; at the end of seven or eight hours, the charcoal, partially consumed 
by the sulphur vapour, must bo renewed. The introductiou of sulphur is suspended, and each 
cylinder in turn is filled with charcoal, by ipeaus of an iron funnel placed in the opening. This is 
then closed, and the firing is comniencod and continued for about one and three-quarter hours, to 
reach the temperature required. The charge of charcoal is thus renewed throe times in twenty- 
four hours. The Ihiuelied sulphide may bo drawn off at any time without suspending operations; 
but advantage, should bo taken of each monthly stoppage to roinovo the sulphur which has formed 
in crystals in the lirst four coolers. 

Bomeliim s the cylinders are made of the same material as glass-houso pots. These are glazed 
inside, by a mixture eomposed of 20 parts soda and 12 parts boracic acid. They last about six 
months, witli care. 

At Hwoszowice, in (ialicia, the apparatus used for making bisulphide of carbon consists of 
perpi'iulieulur ridorts wulled into a fui iiact', provided at top with a cover pierced by two openings. 
Tiiruugh om^ of the openings, a pijjo, o|)en at both ends, descends almost to the bottom of tho 
retort, while the secMind ojiening communicates with u cooler. Th(^ retort, which is lined with fire- 
lunip.s, inside and out, is of cast iron, alxmt 1.] in. thick, and of an elliptical form, measuring about 
39 in. X It) in. and about G ft. G in. liigli. Cast on therctoriat the bottom, is an arm, provided with 
fiarigcH, to which a tube is livettd, for tho purix)so of charging in the sulphur at the propc!r lime, 
without any Hcrirmn loss. A similar projection on the top of tho retort is surmounted by another 
cast-iron tube, elo.sed with a bung. From this, proceeds an imdinod tube, for the ]»assage of tho 
vapours, fixi'd to an inh'rnK'diate vessel of sheet non, whoso lowiT part, being supportod by screw 
i*od8, may 1)0 removed and replaced at will. At the cm! of the inclined tube, is an opening, closed 
by a stoj)per, which may ho niad(‘ to intercept communieution Ix^tweon the retort and a receiver. 
The cooler or coiuhmsiir is eoinijosed of three inteicomimmicating cylindrical zinc vessels. The 
topmost cariiefl an chcupi? pipe. The comh‘ns(*d bisul]»lnde is drawn off at pleasure by a tap. 
Tlio three cylindrical vessels, as \v<‘ll as the t:iht‘H connecting them, arc immersed in a water bath 
eapal>Ie of const/antly receiving fresh supplies of water. I’he uj)erations are conducted practically 
in th(5 suiiHi way as with the apparatus jtreviously described, 'flu' bisulphide formed always con- 
tains a certain (pmntity of sulphur, whieti 1ms esoapial tho action of the carbon, and this sulphur, 
being less volatile than the hi.sulphide, condenses with a part of the solvent, and crystallizes in 
tile ri'ceiver, which is s[)eeially intended to catch it, and from which it can he easily removed when 
the distilliition is interrupted. 

'I'lio charges of sulphur are introduced during ten hours, from morning till evening; the tiro is 
fed during the night, in order to ueliieve the volatili/.atiun of ihe sulphur, and to leave the excess 
of charcoal bare towards the UKTuiug, when the conoauiiieation with tho cooler may be interrupted. 
Tho retort is now ndilled with elian-oul, tlui reei'iver is i-mptied of tlie sulphur which lias collected, 
and is then replaced ; and, wlien the temperature ha.s again readied a hriglit red, the sulphur is 
added little by little at tlie lateral opening. IMie product of ))isulphide, t>er twenty-four hours, 
will be about C) ewt., from the conversion of d77 Ib. sulphur tGOii lb. total charged, of which 77 Ih. 
recovered), and 90 Ih. chareoal (out of a total of 2t2 lb, used). 

A second retort at these woiks measured 7 ft. 4 in. de(*p, and was elliptical in fom, the greater 
axis being 4 ft. 4 in. diameter, and the smaller 3 ft. 2 iu. This made about 10 cwt. of bisulphide 
p(*r twenty-four hours; hut its great siz<* was found inconvenient, as the heating was rendered 
uueveu and spasmodic, causing eoiisulerahle waste of sulphur. \Vh(*n using unrefined sulphur, tlie 
retorts need eh'aning every two weik.s; hut with clean sulphur, they may safely run two mouths. 
This cleaning is u very troublesome operation, causing much loss of time and material, and exer- 
cising an injurious olVect ujKm tlie workmen. The cast-iron retorts, when well built in, and 
thoroughly protected by fire-lumps, last about twenty-two weeks. 

Sidot has proved that temjx'ruturt? has a most im{K>rtaat bearing on the product of bisulphide 
of carbon. He experimeuiod with 40 gnus, sulphur and 10 grms. purified charcoal, at three 
different temperatures, with the following results : — 

1. Dull red heat 5 gr. charcoal gave 17 gr. bisulphide. 

2. Bed heat 6‘3 „ „ „ 29 „ „ 

3. Bright red 7*5 „ „ „ 19 „ „ 
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The Sgures show the extent to which the charcoal is consumed in each operation. They show 
incontestably that a red heat is the one best suited, and that gH^ut care should be taken to avoid 
exceeding it, especially as there is danger of the bisulphide becoming divided np again at a high 
temperature, the carbon being rcdeposited, and the liberated sulphur distilling over with the 
bisulphide. With every precaution, there is a certain escape of sulphur in this way, giving the 
bisulphide the yellow colour peculiar to its crude state, and necessitating a process of purification, 
to Ix) described farther on. 

The very poisonous and inflammable characters of tliis substnnc^ render it one of the most 
dangerous chemical compounds, and necessitate the most rigid precautions in its manufacture, to 
prevent the least escape of the vapour. The inhalation ot the vapour produces, on the workmen 
employed, symptoms of (l 0 {)ression, weakness, and loss of memo, y, which is sometimes followed by 
coma, A solution of ferrous carbor.a+e in carbonic acid water is found to ho pjirtially effectual in 
.relieving these symptoms; but attention mast be devofid to prevention rather than cure, as besides 
the evil effect produced by the vapour, its escape represents a direct monetary loss. 

The crude bisulphide always contains a considerable proportion of sulphur— sometimes as mucli 
as 10 per cent., — besides various hydrogen comj)ound 8 , formed, during the preparation of Iho 
substance, by tlio action of nascent liydrogen on it, and producing the peculiar disagreeable odpur 
which characterizes it. This crude bisulphide has then to undergo purification, to fit it for the 
market. At Swoszowice, recourse is had to simple distillation in a water bath, and condensing the 
distillate in an unusually long cooling worm ; the product is a colourless bisulphide, but it always 
retains some sulphur, and loses but little of its bad smell. Numerous plan.s are ado})ted fur securing 
more perfect reutificution. According to one method, it is first washed several times with distilled 
water, and then transferred to a retort contuining (juicklimo. After twenty-four hours’ contact, the 
Kisiriphide is distilled off from the lime, and caught in a receiver, partially filled wdth copper 
turnings, previously roasted to remove nil tracts of fatty iuatter, and afterwards reduced by hydrogen. 
'I he lime remaining in the retort is strongly coloured by the impuriti(!s ediminated from the 
bisulphide, whoso disagreeable smell will bo fouml to have departed. Another way of performing 
the operation is to mix Iho bisulphide with ri) 2 N 03 , and a small quantity of metallic lead ; when 
the salt turns dark, the liquid is transferred to anotiu'r vessel with a fresh quantity of lead salt, 
and so on till the salt remains nearly white after contact with the liquid. The latter is then placed 
in a retort, and distilled over. Friedburg recommends the following jn’oet^ss. The crude bisulphide 
is first distilled, then j)oured into fuming nitric acid, agitated, and left for twenty-four hours. The 
bisnljihide becomes saturated with jieroxide of nitrog<m, and tliis solution, wliicli is brown, remains 
unaltered for weeks. The addition of cold w’ater causes the bLsulpliiilc to separate as a rose or 
violet-coloured liquid, which is distilled at 50'-(>(r (122*^-140^’’ F.), again agitated with cold water, 
and, after another distillation, is perfectly pure. Other proposed means of purification are : — 
1. Agitation with mercury. 2. Agitation with 5 per cent. Hnl)limat(‘, and distillation with 2 j)er 
cent, colourless fat. 3. Distillation with soda hy<lrat(' solution clilorino in water, and solution 
chloride lime. 4, Distillation with solution chloride lime. 5, Several distillations with pure oil, 
the oil extracting each tinu^ some of the imjuiritic.s. 

An improvoment in the method of construeting the iet(‘rts and furnaei'S (‘inployed in the nmnu- 
facturo of bisulphide of carbon has been effected hy S. 11 . .Jehn.scm. ’riu' ohjeet is tu facilitate the 
replacement of the broken or burnt retorts, without the necessity of pulling dewn the furnace work, 
thus preventing the loss of heat uhuuI I y sustained. This i.s attained, firstly, hy employing a hori- 
zontal retort for the vapt)rization of the sulphur, in conjunction with a vertical one for heating 
the charcoal; and secondly, by forming the ilues for heating the vertical retort in an iron 
cylinder, open at both ends, with it.s axis in the line of the uxi.s of tJie retort. Inside this cylinder 
and concentric with it, a cylindrical lining of firebrick is constructed, leaving a space between it 
and the cylinder, filkM.1 with a suitable non-coiiducting material. At tlie .sides and end of the 
furnace, are passages for conducting the products of combustion into tlio upper rotorbohamber. 
Below this chamber, and btdwcen the flues, the Ijorizontal retort is set. As Ibis latter is not 
required to Ixj very higlily heated, tlic products of coinhu.stion do not come into c/mtnet with it, 
except at the end. It is set in a material winch will not burn very hard, such a.s a mixture of fire- 
clay and ashes, so that when burnt out or broken, it may readily ho drawn out from the front, 
without disturbing the brickwork of the furnace. Its mouth is closed by an iron cover. The rr tort 
chamber is constructed within a cylindtT f>f iron plating; the lining, whi(di is cxjK> 8 cd to the fire, 
is built up of firebrick, and between it and the iron cylinder is a backing of sand or ashes. The 
upper or vertical retort is set in this chamber, and communicatee with the horizontal retort at its 
lower end. A joint is made between the two sections with fireclay, with which a little finely- 
ground glass may be mixed, to make it burn more soundly. TU© vertical retort is 8 up[)orto<l near 
its upper end by a number of radial fiiebricks, made for the purpose. On the Bido next the 
chimney, these bricks arc set with narrow spooes between them, the spnees gnulually increasing in 
size as the opposiio side is approached. This is done with the object of rendering the draught 
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unifown. The vertical retc»rt is furnished with a cylindrical iron head, which communicates with 
an ordinary condenser; the cover is made air-tight by means of a luting of whiting or other 
material. The 8ul[)hur is melted in a cast-iron pot, and is drawn off from the bottom by a pipe 
leading into the horizontal retort. The pot is set in amongst the filling material, and becomes 
sufficiently hot for the purpose intended. 

In the conduct of operatums, the vertical retort is first charged with largo pieces of wood 
charcoal, of the ordinary quality, made rod hot The retort is heated to a full red-heat, and the 
molted sulphur is allowed to flow into the lower retort, which is kept free from charcoal as much 
as possible. The sulphur vapour passes up amoug the red-hot charcoal, and forms bisulphide of 
carbon, which pasnes m a gaseous foriu to tlie coolers, aud is there condensed. The cover is 
removed every hours, the charcoal is poked down, and fn'sh re<l-hot charcoal is introduced. The 
lower cover is removed only at long intervals, to permit the clearing away of the accumulated 
charcoal ashes. When either retort breaks or iK'.comos worn out, the furnace is allowed to cool, the 
upper retort is lifted out, and entirtdy removed if necessary, and the lower one is drawn out at the 
fr(»ut, should it Ixj re(iuircHl. The new retorts arc introductid in the same way, and, for the purpose 
of making the joint between them, tlie cover is rmuoved ; thus, on taking out only a few bricks of 
the lining — which are so plac(jd as to come out readily—and some of the hacking, free access 
is given to the inhuior ol‘ the retort chamber. J3y these arrangements, the cost of the repairs is 
very materially reduced, and the loss of heat, and cons(*quent consumption of fuel in the manu- 
facturt^, is considerably h-ssened. * 

Usrs.—’Vhe uses to which bisulphide of carbon is or may bo niipliod are both numerous and 
important. Th(^ extreme degree of cob I retjuirod to freeze it under ordinary conditions enables it to 
be used in tliermometorH for legistering very low temperatures; and this property may be utilized 
for the luoduciioii of iia , by directing a rapid current of air iij)on the liquid, which will then 
solidify the water as wi'll as itself. The great actinism of its light has attracted the attention of 
photographers, and a HjKicial lamp has been invented for burning it in conjunction with deutoxide of 
nitrogen, to obtain a flamt! pi'cnliarly applic,ahle to jdiotography. It is used for making chloride of 
carbon CXJl^, for jmrifying iiarafliu by Alcan’s method, and for cleaning amorphous jdiosphorus. 
With perfectly pure hisulphuh^ of carbon, the perfumes of the most d(;licaie flowers have boon 
BOparuted, .and llio odinirs of plants eaden by a cow iiavo been recognize d by treating her milk 
with it. For silvisr plating, a small quantity placed in the bath incieasus tho brilliancy of the 
deposit. In ilu! munul'acturo of yellow prussiate of iioUisli, ami of sulphoeyanide ofi ammonium, it 
plays an important pait. Its irdlammable and explosive qualitu's are taken ndvaiitago of in 
making JHumiiouui fire, and a solniiou of pLos[)horuH iu bisulphide of carbon is employed for 
making matches, and for filling inflammatory rockets and shells. Its antiseptic propi'rtics admit of 
more than one usisful ui)[»licati()n. Zoller lias luovcd that, in an atmosphere contixining a small 
quantity of bisulphide, animal and vegetable matters are eflectually preserved against decomposition. 
A few drops will suflice, and, as it volaiiliz(‘s ut ordinary temperatures, no heat is required. 
Things may also bo preserved lor u v<Ty oonsulerablo time iu closed vessels; upon opening them, 
tho smell of bisulphide is very evident, but it soon evaporates. About 44 lb. of moat wore perfectly 
preserved with 5 gnus, of bisulphide for a pt‘riod of four wo( ks, with the tcnqierature never under 
(08'’’ F.), and ofteu rcacliiiig (HiV' to IfT F.), and no unpleasant flnvour was to bo 

discovered. As a destroyer of insects in grain, its ctlicacy is unrivalled; not only docs an ex- 
ceedingly small quautily of it suflice to kill evi ij living insect iu the rcxim where it is used, but 
it even destroys the g(*rms of life coiitairu'd iu larvm and eggs. In France, it has lx‘eu used for 
yoirrs as a remeily against tlie Vhjllox<>ra, an insect that causes much <lestruction to the vines, it has 
been found that direct application of the ]>reparalioii to tlie jihuits, while effective against the insects, 
causi^s the leaves to witlu'r, though they remain on the branches. An ingenious remedy for this 
drawback is basixl upon the fact that, iu treating oils with iirotochloride of sulphur in small propor- 
tions, they are Irunsformed into a solid elastic condition resembliug indiarubber, but transparent. 
If bisulphide of carbon bo added at the same moment, it will be entrapped to tlie extent of 70 per 
cent., giving rise to a gi'lutiiioms substance having tho appearance and eousisteuco of quince jelly. 
Thw solid mass is difficult of ignition; it may be heated to 100"* (212° F.) without giving a sign of 
fusion, and even at 100° (320° F.) forms only a black mass not easily inflammable. Though we 
have no vinos in tliis country, we have other crops which are equally in need of some protection 
against the ravages of insiicts, and there is gtHxl reason to suppose that tho potato disease and 
similar scourges may bo combated as effectually ns the phylloxera. Perhaps tho greatest present 
demand for bisuljiiiido of carbon is on acA*ount of its solvent powers. It is used by varnish 
makers ; a solution of wax in C8,( is cmidoyeil for making wax paper, and a solution of indiarubber 
is used for a coating to maps. As a solvent of indiarubber, also, it is extensively used in the 
manutacturo of vulcanized iruliarubber ; but Poincard has found the structural lesions occasioned 
by the grailual action of the vapours of this com^iouud on various animals^ so serious that, in 
his opinion, its use should be restricted to oitioles of real necessity. In extracting fet from 
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bones, it is not mnch employed ; and when trsed for removing grease from wool, the latter is left in 
a harsh and brittle condition, and of yellowish hue, duo to tl^ action of hoat and bisulphide 
on tiie sulphurized constituents of the wool. The wool is not damaged by the bisulphide when 
applied in the cold ; but the residual bisulphide adhering to the wool must be cleaned off by a 
current of hot air, steam, or hot water, which is certain to do the wool more or less injury. These 
considerations, as well as the cost of the bisulphide, render it incapable of competing with benzine 
for this purpose. In the extraction of oils from seeds, however, it is very extensively used, especially 
on the Continent. .Colza and linseed principally are the seeds acted upon. They are first crushed 
to express some of the oil, and then dried by beating, before being subjected to the bisulphide 
treatment. Analyses sliow the residues to contain only 2 per cent, of oil, and 7 per cent, of water, 
whilst the residues from the ordinoi'y pressure prcHiess gave 9 per cent, of oil, and 15 per cent, of 
water. The oil is also much improved in quality, the residue is still valui'ble for feeding cattle ; and 
the workmen suffer no inconvenience. One works near llerliu, employing only six men, manufac- 
tures daily some 5600 lb. of oil good enough for lubricating inachinery, iisiug daily 15,400 lb. of 
bisulphide of carbon, of which about 60 lb. are lost. This loss of bisulphide, nmountitjg to about 1 lb. 
for every 2201b. of seed treated, is partly duo to volatilization, and partly to its action on the metallic 
vessels. Copper vessels are rendered useless in a few years, iron less rapidly. 

Even more important, from an economical point of view, are tho services rendered by this sub- 
stance in the recovery of valuable ingredients from what would otherwise bo waste products. Thus, 
in the manufactjljre of fatty acids, brown compact deposits are produced ; those, mixed with sawdust, 
and treated with bisulphide, yield up to 20 jKir cent, of tho acids, which would in another case bo 
lost. Again, tho dirty mass of metal dust, grease, &c., from car and waggon axles, is first treated 
with warm dilute sulphtiric acid, then witli bisulphide, (^nd tlu'n washed and dried, which isolates 
the grease in a 8a|)onificd state. The cotton waste used in niachineiy is easily freed from greaso, 
leaving both in a fit condition for re-use. The residues from beeswax manufacture, which formerly 
wr re only worth about 8/, per ton as manure, are now made to yield an excellent yellow wax by treat- 
ment with bisulphide. It is used for recovering oil from tho refuse of c(W'.oa manufacture. Bones 
treated with it at 40^ (104'^ F.) yield 12 per cent, of grease, and are still fit for making animal 
charcoal. TJio cleanings of wool-cards, when acted upon by bisulphide, give about 90 2 >er cent, of 
fatty substances, useful for the production of soap. 

In Fig. 473, is seen a simple and inexp(!nHive apparatus, in which l)i8ulphide of carbon is used for 
dissolving out and extracting fatty matters from various waste substanoA^s ; its C/onstruction and 
arrangement are such that the escape of tho bisulphide is rendered }jra(dically impossible, and when 
the solvent has been separated, by distillation or otherwise, it can be used over again. Tho liquid 
bisulphide is placed in a strong closed tank, situated alnm* and connecting with the vessel 6, where 
tho gretisy substance to be operated upon is placc'd, and held at a sliort distance off (lie bottom, by a 
lX 5 rforated false bottom, b*, WJicii tho tank a is charged with hisulpliide, and (he close vessel b is 
tilled with tho greasy substance to be treated, the opening // in the fixed cover must be secured, and 
it will only be necessary to oiKm tho tap r'on the pipoc, coniioctiug tho two vessels n and /», and tho 
tap on the cover of b (for tiio escape of the atmosplicrie air), wlicn this latter vessel will become 
filled with the liquid bisulphide. It is found desirable to leave tbo two l>odies in contact for about 
twenty minutes, so as to cusuro the pc^rfect extraction of the grease A furtluT (iiiantity of tho 
hisulpliide is then run from n into b under the false bottom. The greasy bisulphide is then dis- 
charged at tho top through tlie pipe d, provided with a tapd*, into another close vessel c, whose tap 
c' is first oj)ciied to allow the air to escape. When this vessel is niuirly filled with tho greasy 
bisulphide, tho taps <?' and d* are closed, and tho tap (/'* oj)ened. Steam is then admitted from tho 
steam pipe/, by opeming the tap/, into tho closed coil of i)ij )0 /*, with which tho interior of tlio 
vessel e is fitted. The heat of this steam will volatilize tho bi8ulj)hi(le, and when this operation has 
been continued for a sufficient time, it may be desirable to finish the distilling by means of tho coil 
of perforated pipe/, situated near tho bottom of the vessel c, into which steam is admitted by the 
tap /, and allowed to bubble up through the greasy liquid. By this means, the whole of the vola- 
tile bisuliihide is driven oft' from tho fixed greasy matters, anti the vapour, being conducted by tho 
pipe d' to a condenser above, is then reduced to a liquid siutt'. It can then bo run from tho worm 
</' back again into tht* tank a for ro-uso. The grca.sy matters remaining at the bottom of the evapo- 
rating vessel e are then drawn off through a suitable pipe A for use. Taps, as at i, are for tho 
purpose of drawing off and testing the liquid at various stages. All the vessels a, b, c, arc provided 
with vertical glass gauges j, for the pui pohO of indicating tho Inight of tho liquid. Taps c* and 
allow of the escape of air, with which the vessels btjcomo filled during tho operations, and which, 
if not liberated, would materially interfere with tho efficient working of the apparatus. These 
several escape tajM} may be in connection with pipes, carricAl up through the building, for the 
purpose of leading away any noxious vapours. The vessels 6 and e are also provided with 
thermometers h, and pressure gauges I, In 6, also, is a manhole t'. through which it is charged, 
and another manhole 6* at the lower part, ^rougb which the fibrous matters, when the grease 




pliido tliroiigh th(’ fibrous niuss in tlio vossol, and U|> a vortiotd jjipo n*, tlio tap being opened for 
tluit purjKW', and the t\vo-wa> t4ip Ixang tiinunl so as to din et th (3 liquid bisulphide by the 
horizontal [>ip(' n* to the still </', or, if desired, to tlio tank <i tiirough the two-way tap n^. By this 
mode ot working, the steaming may In* finished at one operation, with great economy of timt* and 
mat('rial. In some eases, however, it will he found convenient to use a pump a, which will draw 
the liqui<l through the pipe a' tnnn the space below the jH^rforatod plate 6* (the tap n* being opened 
and tlu3 taps a'’, nJ, elos(Ml), and will force it uj) the pipe into the tank a above. The steam 
admitted to tlie upper part of th<> vessel h thrvnigh tlie pipe m will povcoluto through tho fibrous 
mass, and drive tiie litpiid bisulphide into the apace below the perfonitv^d plate 

Before tho lll)ronH suh4auee is removed from the vi'ssel 6, an atmosphere of steam is driven 
through th(' maM.s from the perforated coil <•. The hiaulphide is volatili'/tHl by this means, and tho 
vajKiur is condin'te<l up the pipe p to the coudousing vessel r;, where it is reduced to a liquid state, 
and may then Ik* run ha<‘,k again into the tank a. A small closed tank r is provided between the 
extractor b and the pump », into wliioU the bisulphide may bo alloweil to flow through the tap in 
case ot aecidout to tho extractor or pump. A draw-oflf tap n* is provided at the bottom Of the 
vortical pipe to e mpty it previous to taking the pump to [lieces for inspection , or repair. It will 
1 h* seen that tho pipe ;» oommuuioates with the worm ^ of tlie condenser, and that both it and the 
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pipe d' are provided with a tap, for closing communication with the worm when required. The 
bisulphide may thus be used over and over again, and a large qu^: tity of material be thoroughly 
cleansed from grease with very little waste of bisulphide, as none of the vessels are opened 
wldle there are any signs of the bisulphide being present. A running-off tap q is adapted to the 
bottom of the vessel b, for the purpose of letting out water or other liquid, used from time to 
time for cleansing the vessel. The tank a is provided with an overflciw pipe, for withdrawing any 
excess of water resulting from the condensation of the steam used in vaporizing the bisulphide, and 
for blowing off the air which enters the apparatus during the operation of charging. 

In the extraction of bitumen from schists, about 5 per cent, more product is obtained by treating 
with bisulphide of carbon than by the destructive distillation process, which, besides being very 
expensive, only yields about 8 per cent, altogether For this purpose, the bisulphide is largely 
used in Galicia. In the same country, it is employed for extracting sulphur from a gypseous earth 
containing about 14 J per cent, of that mineral, with a loss of only about I *btJ per cent, of bisulphide. 
It is essential that the sulphur earth to be treated shall bo perfectly dry, or the bisulphide cannot 
perform its duty. 

The very low boiling point of bisulphide of carbon has caused engineers to turn their atteutiou 
towards using it as a motive power. Tiio Kills bisulphide auxiliary for reducing the consumption 
of fuel for steam engines, is already well known in America at least. It can bo fitted to all systems 
of steam engines, whether expanding or no, and requires no essential alteration in the constru(diou ; 
but lubrication must bo offocted with water, us gnmse would be dissolved. Our American cousins 
have gone yet another step in advance. Giyceriuo has no affinity for bisulphide of carbon, and is 
capable of mechanical evaporation in the presence of its vapour ; it is a mucli bettor conductor of 
heat than water, and is capable of boing heated to a certain degrc'O with a les.s proportion of fuel, 
also of storing up calorie. When lieated in<a metai vesscb iL becomes tliiri, and spreads over tho 
surface, forming a protection and lubricator. TJio bisulphide is easily (!vaj>oratod to a dcjuso vai)Our, 
tho latent heat absorbed for vaporization being about 280^ F., that of Htcam about 1000^ F., or a 
saving of 71 per cent, in the fuel. To utilize these substances in the creation of motive power, 
tlie apparatus shown in Fig. 474 has been constructed : A is a boiler ; B, a condonsor ; 0, a force- 
pump ; D, a feeder ; and E, the cylinder of an ordinary tmgine. To produce power, tho boiler A 
is filled with glycerine, and boated 

to a temporatufo of 43”-2(10^ 471 . 


(110'^-500'^ F.) ; the valvo h is 
opened, and a small quantity of 
bisulphide is run from D, through 
a perforated pipe o, into tho b( tiler, 
and is thus brought into contact 
with the boated glycerine G, pro- 
ducing a pres-sure of vapour corre- 
sponding with the amount of bi- 
sulphide allowed to onfer. Tin* 
engine is now started by ojx^.ning 
the inlet valvo on the supply pij»t' 
c, and tho vapour, after iinj)art- 



ing its force in tho cylinder, is 

discharged into the exhaust pipe c/, which proceeds direct to tho con<len«‘r B, when it passes through 
a series of worms, cooled by water flowing intf) tho cistern r by tin* valve/, and out by tho overflow 
. 9 , and is thus condensed again into a liquid form, run down into the r<‘ot ivfsr h, and stored for 
future use. To regulate the flow of bisulphide so as to obtain a uniform qiiautily, the receiver h is 
connected by a double pipcj ij with the foice-juimp C, and by the pipe k with th(5 f(‘oder D, so that 
the latter vessel, which holds a quantity of the material, i.s supplied as required, and regulates a 
steady flow by tlie valve 6, independent of the action of the [)unip. To ascertain the contents of 
the feeder and receiver, two glass gauges are fixed at /, m. At n is a gauge for indicating the 


amount of vacuum produced by the r'ondensor, anjl theredbro useful to delermiue the ncci^ssary 
quantity of water by tlic inflowing valve /. The feeder I) ba» a valvo p and a pipe o at its upper 
part, direct to the top of the evaporator or boiler, so as to equalize the pre,-8ur(! and flow of the 
liquid bisulphide by the valve 6, as before explained. To ensure sgainst any loss of material 
through accidentol excess of pressure, a safety valve is connected by a brarmli pipe « to tho 
exhaust pipe d, tho excess being then saved by passing <iirect to the condenser. 'I'he presence 
of air would partially prevent tlie condensation of the bisulphide, and cause a bick pressure 
instead of a vacuum ; therefore, before running in the bisulphide by the fimncd r, or on starting 
for the first time, the air is exhausted as far as possible, by working the pump C by hand, 
closing the circuit by valves 5, p, and opening t. During evaporation, the small portion of glycerine 
forced from the bulk proceeds with the vapour through all the pipes, &c., to the cylinder by which 
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tUe power is utilized, and thoir gravity being nearly tbe same, the liquid bisulphide does not gink 
down or oc^rae in contact with the metal of the boiler, but is discharged as vapour from the surface 
of the bath of glycjerine. This vapour may be utilized by any kind of engine, and may bo led by 
the exhaust pipe direct to the condenser, for the purpose of extracting the latent and sensible heat, 
reconverting it for re-use. 

Statistics a'tul Co A of Manufacture^ #c. — The principal seats of the manufacture of bisulphide 
of carbon in England ore London (2), Ironbridge, and Manchester (1 each). Paris possesses 2 large 
works; Bt)rdeaux, 1 ; and Marseilles, 3. There are several manufactories in Germany ; and, in the 
Austrian dominions, 1 (in Galicia). 

Though not exactly a newly established manufacture, it has only attained its present g1*owth 
within recent times. It is constantly increasing, and will doubtless continue to do so, the more so 
as the valuable j)roi>erties of the substance become generally known and appreciated. It is in the 
hands of a few who have made it a special study ; there are probably not twenty manufactories of 
it in tlio whole worhl. 

The capital ntqiurcd to carry on the manufacture is comparatively small, the great essential 
being skilful and careful management. The cost of production, as stated by Pa yen, is as 


follows : — 

. £ d. 

Sulphnr, 2200 Ih 8 08 

Charcoal, 10 sacks (COO lb.) 1 13 4 

Labour — 4 imm by day nii<l4l>y night, with 2 to fKJund the sulphur 1 16 8 

„ 4 cliildreii prcjpanng the paper and 4 lllling cartridges 0 10 0 

Fuel — coke 1 10 bushels at 4d. p(}r bushel 2 0 0 

Cost of rectifying, eleaiiing, interrujitions, qnd interest 1 13 4 


10 0 0 

Deduct sulphur recovered, 330 lb 15 0 


N(‘tt cost of about 15^ cwt. of bisulphide of carbon 14 15 0 

Hells at 10 5 0 


Profit £1 10 0 


The (liffi^ronccH betwe('n the theoretical ami praclical production aio as follows : — 

1. Charcoal; 1700 1b. of bisnlpliide obtained ~ about 2781b. earlxm ; the GOO lb. of wood 
charcoal (exce])ting moisture and impurities' would represent a loss of 387 lb., or more than 50 
per cent. 

2. Sulphur : 17001b. of bisnlpliide = 14821b. Hulphur -f 330 lb. recovered = 18121b.; then 
the loss on 2200 Ih. employml would be 388 Ih , or 17^ per cent. 

According to E. van Haocht, the cost of throe days’ working is: — 


Sulphur, 4 18tMb 12 7 0 

Labour 2 0 0 

CAtko . . 14 0 


£ s. d. 


Wood charcoal 118 0 

Wear and tear 0 17 0 


£18 0 0 


The commercial value of the retined product, containing about -OOl to *005 of impurities, prin- 
cipally an alliae(u>us oil, varies bt'tween about 20/. and 25/. a ton, according to the fluctuations in 
t!»o prict's curn'nt of sulphur. Greater purity than this is seldom required, but may be obtained at 
a rather higln r price. 

The quantity of bisiilphiilo produced in the ITiiitod Kingdom probably does not exceed about 
1500 tons per annum. It is not importi'd, nor is it i'Xj»orted in any appreciable quantity. It is 
transported in drums of sheet iron, or small metallic canisters, of any desired size, which are closed 
by screw stopiiors litting with absolute exactness, so os to prevent any ixissibility of the vapour 
escaping. In this way, it may be sent any distance without danger. The chief consumers are 
iiidiarubhor mtmufacturers and sulphur refiners, besides oil and fat refiners. The retail trade 
is very limited, and passes almost entirely through the hands of chemists and druggists. 

(See ludiarubbor Manufactures ; Oils ; Sulphur.) 

CATOTJT. (Fb., Corde da hoyau ,* Gkr., Katzandann, Damisaite.) 

I'ho term “catgut ” is applied to membranous substances prepared from animal intestines, gene- 
rally tho^o of sliet'p, more rarely IIioho of horse, ass, and mule, but never those of the cat. Two 
metluxls of projmration are used, according to w'hethor it is desired to produce twisted cord, or flat 
strips of membrane. In the former case, the first stage iri tlie operation is the thorough cleansing 
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of the intestines ftnm the adherent feculent and fatty matters, af|'r which sumll ends are tied 
together, and placed over the edge of a tub, whUe their major portion is left for two days to soak in 
water, which is constantly changed. In this way, the peritoneal and muoona membrauea are 
loosened. The bundle of intestines is then laid on a sloping board overhanging the tub, and their 
surface is scraped by a square steel edge, the external momhrane being removed in breadths of 
about half the circumference pf the intestine. This membrane, which the French call fitandre, and 
which is employed for the cords of battledores and rackets, and also as a thread for sewing the 
ends of inte^ines together, cannot be removed by beginning at the largo end. The scraped intes* 
tines are then steeped for one night in clean water, and next day «re again scraped with a rounded 
edge this process is called ^‘curing.’* The large ends are now cut off, salted, and stored in 
covered tubs for sale to the sansagn-mfikors. The small imrts are again steeped for one night 
in fresh water, and next day are treated with an alkaline mixture, consisting of 4 oz. ix)ta8h, 4 oz. 
carbonate potash, and 3 to 4 gall, water. After this, they are distribuled to a number of women, 
each having two basins of the alkaline solution before her, and are drawn through o perforated 
brass thimble, pressed against the edge, for the purpose of rendering them smooth and equal. 
They are thus passed from one to the other of the two basins several times, and are then assorted 
according to their sizes. 

In order to producx3 a cord — known os “ whipcord ” — from tliese intestines, they are sewn together 
by means of ihafilandre before mentioned, the joints being cut aslant to make them smoother and 
stronger. A number of these cords ore then {lut into wooden frames, whose two uprights are fuiv 
nished with a series of holes, containing pegs for securing the ends of the cords, and for passing the 
lengths round. The spinner attaches the end of one of the cords to the hook of a little whirling 
ap|)aratu8, similar to but gnmller than the whirl of the rope-maker, whioli bo causes to rotate rapidly 
by means of a handle. This puts a twi&t into the cord, and somewhat diminisln s its length ; the 
twist is retained by pegging the cord on to the frame. The others are thou treated in this way, 
and when all are completed, the frames are piled up horizontally in a small close chamber lined with 
thin shoot lead, where they are subjected to the fumes of burning sulphur. This process is called 
“ bleaching,” but that is a misnomer, as the alkaline solution has already wliitcnod the gut ; the real 
object of the sulphuring is to prevent the putrefaction of any animal matter which may still bo 
accidentally adhering. The cord may now be dyed black with common ink, or red with red ink, or 
green, taking the dye readily. The twist being comphiled, the cords arc nicely smoothed, and then 
placed for an hour or so in a hot room— 82'’-93^( 180^-200'^ F.) — whicli tixes and consolidates them. 
Lastly, they are cut off the frames and twisted into cords for sale. 

The so-called “ hatters’ cords,” for bowstrings, us^d in one of the stages of hat-mnking, are 
made of the longest and largest sheep guts, which, aftei being properly suioothed and cloancd with 
the alkaline solution, are twisted in lengths, 4, 0, 8, 10, or 12 together, according to tho intendod 
size of the cord, which is usually about' 12 ft long. This c/)rd must ho free from lumps and knots j 
when half dry, it is sulpliured twice, and after eacli operation, is welL strotchod, twisted, and 
smoothed, and finally dritid in a sbito of tension. 

Olock-mukers’ cord must bo very thin, strong, and durjiblc, on v\ hich account it is ma<ie from 
very small intestines, or from larger ones slit up in tho direction of ihoir length, by a couple of razor 
blades fitted into a ball of wood, whioh servos os a guide. The wet gut, being drawn over the ball, 
is divided, and the two sections, if properly directed by the workman, fall into a basin beiionth. 
This operation is one of considerable delicacy ; but when well porformtMl, tho gut is divided, with 
great rapidity, into strips of porh'ct regularity. A number of these strips are twisted b^gether, 
and treated as already described. 

In France,’ a very strong cord is prejMired from the intcHtincs of the horse, ass, and mule. 5’ho 
gut, having been scraped, is divided into four equal parts, by skilfully drawing it over a fixed kriob 
containing four sharp edges, or two semicircular blades ai ranged at riglit angles. Four, six, or 
eight of these strips are tied at the end with pack-thread, then twisted h^gether, and polisheil 
with dog skin. The cord tbtis made is employed, as a substitute for lejither belting, on light • 

machinery. ^ 

The cords intended for tho strings of musical instilments— violin, harp, guitar, &c. — require tl»e 
greatest cai'O in their preparation. The first. scraping must be tierformed with groat skill. A little 
alum is added to the alkaline solutions, wliich are made progressively stronger each day for four or 
five days till the membranes are well bleached and swollen. They are then passed se^veral times 
through tlie thimble, spun, sulphured, polished by friction between horse-hair cords, and dried in 
the hot room. The bwt violin strings come from Naples and Milan, and are known as “ Roman 
strings”; other Italian towns, where the industry is carried on, being Venice, Gubbio, Foligno, 
Bologna, Vioensta, Padaa, Verona, and Bessano. Italy one© enjoyed a monofxdy of the manufac-^ • 
ture, and, though swings are also made at Neu Kirsch, inVoigtland, in Bohemia, in the Tyrol, 
in Lyons, d;c., the Italian strings still retain a superiority over all others. They are as clear and 
transparent as glass ; but their chief dislinctive features are comhh^^ed elasticity and sbrenglli. 

2 u 
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Tliis is due to the leanness of the sheep, bo that probably the Welsh, Hlghliind, and South 
Bowti breeds of this cotititry would give better strings than the Lincoln sheep. Emaciated 
caroasee would also probably yield good strings. 

About three^fourtha of the whole quantity of catgut consumed in Europe is said to be derived 
from Italy. The best and largest bass-viol strings, and a very considerable proportion of the guitar 
strings, are made in Germany. 

The manufacture of cord from the intestines of animals, for use in bows, and other weapons of 
war or the chase, has been practised from the earliest times ; and its employment in musical instrn* 
ments also dates from remote antiquity. ~ 

Until recently, no industry was more disgusting than tliat of gut-raaking, on account of the 
putrefactive odours generated by the steeping of the intestines; but the use of oarbolio acid, and 
other deodorizers, in the liquors now prevents all smell, witliout in any way affecting the value of 
the product. 

Silkworm-gfut. — ‘‘ Silkworm-gut,*’ so-called, is the fine, strong fibre universally employed by 
anglers for attaching their hooks. It is obtained fiom silkworms, by taking them before they begin 
to spin, and very carefully pulling them asunder; the glutinous silk, coiitained in the sericteria or 
silk-glands, is tlion drawn into a single thread of variable length, from IJ to 3 ft. ; it is then gently 
dried. We annually import small quantities of it, chiefly from Italy. Hitherto, silkworms only 
have been oinployed for tlie purpose ; but a plan has been sot on foot to utilize the caterpillars 
which infest food plants. It is to be lioped that it will prove a practical success, as if the gut can 
bo proilucod in long jiiiccos, and at a moderate price, it will find numerous applications. 

CELLULOID, PARKESINE, or XYLONITE. (Fr. and Ger, Celluloid.) 

“ Celluloid " is decidedly the most convenient name for tliis product, as it is the one in general 
use. It cousists virtually of vegetable fibre, treated with a mixture of nitric and sulphuric acids, 
and which, for want of a bettor term, may be called pyroxyline,” tliough it is not identical with 
that compound ; tliis is dissolved in a suitable solvout, and afterwards dried. The product is a 
light yellowish-brown coloured body, which can be carved, planed, turned, sawn, stamped, or 
jwlishod, and made either opaqTie or transparent. It may be made as hard as ivory, which it 
closely resembles, but is always olaslic, and may be moulded into any form. It can be spread on 
textile fabrics, &c., and, by placing different coloured layers alternately, and rolling them together 
while' in a plastic condition, any dosireHl miirblcd or granular effects may be produced. It is easily 
coloured any tint, and, us the cxdour permeates the whole mass, it is ineffaceable. It is plaslic 
and mulloablo at 125"^ (2.^)7'^ F.), and dwomposos suddenly, without taking fire, but with evolution 
of reddish fumes, at 140^ (284*^ F.). It is non-explosive, and burns only when in direct contact 
with a flame. When pure, it is inodorous, and does not become idoctric by friction. An important 
property is that it can be united by means of its own solvent or cement ; and no waste is entailed 
in its U8(>, us all scraps can bo worked up again. 

The manufacture may be divided into two distinct stages: 1. The production of the so-called 
“ pyroxyline ” ; 2. The troatmont of this compound with solvents, in order to make it plastic, 
and give it other dtisired qualities. The first stage of the process suffers but little variation. A 
convenient quantity of cellulose or woody fibre, such as disintegrated cotton waste, paper, &c., is 
fed into an open vessel called a “converter,’* and treated with an acid mixture composed of 1 part 
of nitric acid, sp. gr. 1 ’420 and 4 to 5 parts of sulphuric acid, sp. gr. 1*845, mixed in a separate 
vessel, and kept as cool as possible. Tlie acid mixture is pumpoil or forced up into the converter 
while the fibrous substance, previously plact d in a hopjier over the converter, falls gradually into it 
by an oj)ening in the top. The charging of the cotton into the oonverUir occupies about ten minutes, 
and at the end of twenty to thirty minutes at most, it is cheniically converted into the so-called 
pyroxylin*', or nitro-celluloso. This, together with tlie excess of acids adhering, is then allowed to 
fall through uii opeuing in the bottom of the converter, and is caught in a large box provided 
with a false bottom of perforated iron, or wire gauze, at about 6 in. alx>ve the real bottom. On 
this, the wet mass remains for an hour, to admit of the excess of acids draining j^way as far as 
possible ; the still remaining impregnations of acid are then expressed by placing the pyroxyline 
in a cylinder with a perforated bottom, and subjecting it to hydraulic pressure. The result is a 
hard cylinder of pyroxyline, ctmlaining about 5 to 20 per cent, of the acid mixture, in which state it 
is stored for future use. When required, tlie cylinders of pyroxyline are torn into dust by special 
tuaohi fiery, such as that employed for grinding paper pulp, and the disintegrated mass falls into a 
largo tank, where it is well washed with water, to remove the lost traces of acid. |t is then again 
plaooil in the cylinders with perforated bottoms, and pressed to remove the wftieit leaving in only 
• 5 to 20 jxir cent. The solid cylinders of soluble pyroxyline are ogam broken up iu the disintegrating 
machine, preparatory fur the treatment with solvents, whioh forms the second stage of the menu* 
facture. 

This is performed in a variety of ways, chiefly aooording to the ulterior appUoaiions for which 
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the pioduoi Is iiiten4ed, and differing less in the apparatus ^ployed than in the ingradients and 
proporttoDS of the dissolving agents. ^ 

One of the first solvents employed on a large scale was wood naphtha, distilled with chloride of 
lime, in the proportion of 1 gallon of the naphtha to 2 to 6 lb. of fused chloride ; the more of the 
latter used within these limits, the stronger will the solvent be. The first fi quarts of the distillate 
are collected for use ; the remainder is caught in a separate vessel so Icmg as any spirit comes over* 
and is distilled again at the next operation with more fresh materials. The deposit remaining 
behind in the still is chloride of lime, dissolved in water, and contaminated with some tarry matter. 
It is run into an open iron vessel, heated by a fire beneath, to evaporate away the water, and fuse the 
chloride of lime ready for re-use. 

The solvent thus prepared is applied to the pyroxyline, in soph proportions as to make a pasty 
mass ; but if used alone, the resulting celluloid would soon become hard and brittle. To avoid this, 
a certain quantity of oil is added to the mass, and kneaded up with it in the mixing machine. 
The proportion of oil will vary with ti e desired degree of toughness. To produce a consistency 
suitable for coating telegraph wires, or for spreading on textile fabrics, the proportion of oil may 
equal half the weight of the pyroxyline. If the oil used be first treated with chloride of sulphur, 
the oompoimd is much more elastic. It is thus treated by mixing with 2 to 10 per cent of liquid 
chloride of sulphur, according to the degree of elasticity required ; but the chloride of sulphfir 
should first be diluted with an equal bulk or more of mineral naphtha, or bisulphide of carbon, 
to prevent too violent action. The prepared oil is compounded with the dissolved pyroxyline, in 
various proportions, but -seldom exceeds 20 per cent. 

To increase the hardness and modify the colour of tlic product, sometimes a small portion of 
gum or resin, such as shellac or oopal, is aJtlod, but seldom more than 5 per cent. The wood 
naphtha may be replaced by alcohol, and the chloride of lime by chloride of zinc, or manganese 
fused or dry. For economy sake, a small quantity of light spirits from coal may be raixod with the 
solvent, but it is not preferable. For the oil, may bo substituted gum ballata. treated with 
chloride of sulphur— usually not more than 5 per cent, of the chloride. The combustibility of 
celluloid thus made may be corrected by the addition of cliloride of zinc, or tungstate of soda. Ten 
percent, of either efibctuall> prevents burning; but usually much 1o.sb will do, especially when 
pigments are used. The same end is attained by employing iodide of cadmium, oxalate of zinc or 
manganese, or gelatine dissolved in glacial acetic acid. 

A practical difficulty attending the use of the above process is that the solvents employed are so 
volatile. Large masses of celluloid may be prepared better, quicker, and with less consumption of 
solvent by adopting nitro-bcuzol, aniline, or glacial acetic acid, and the celluloid may then be 
worked in the open air. The ordinary volatile solvents arc improved by the addition of camphor. 

When using nitro-benzol, the commercial article should be distilled off hydrochloric acid or 
chloride of lime, say 6 lb. of either to 1 gall, of nitro-benzol, which is thus rendered purer and 
sweeter. One hundred parts of pyroxyline are then moistened with ordinary solvent — preferably 
naphtlia distilled off chloride of lime — and the excess of solvent is removed by hydraulic pressure. 
The other solvent is then added, in the proj)ortion of 10-50 parts of prepared iiiLro-benzol or aniline, 
together with 10 to 50 parts of camphor, and 150 to 200 parts of oil, preferably cotton-seed or Caster, 
This mixture is formed between rolls, heated by steam Ixiirig admitted into tliem, till the whole 
forms a well-combined dough or paste, which will l)o more or less stiff, according to tlie quantity of 
solvent used. For a hard compound, the oil should be less than the pyroxyline ; for a soft one, it 
should exceed the latter— say, 150-200 oil to 100 pyroxyline. In making celluloid with glacial 
acetic acid, 100 parts of pyroxyline are dissolved in 50 parts of the acid, for a stiff paste ; or 100 
to 800 or mojre parts, for a semi-fluid consistency. 

Usually the pyroxyline requires to be dried before dissolviug it. The conduct of this operation 
on large quantities requires much care and time, and a very large space 
of drying room, so that great advantages, on the score of cost, case, end 
safety, axe to be derived from dissolving it in a moist Htat<^. For this 
purpose, the pyroxyline is prepared in the usual way, and when rendered 
soluble by the addition of hydrocarbon solvents, it is taken out of the 
acids and placed in a hydraulic machine, by which as much as possible 
of the acid is expressed. The cake of pyroxyline is then taken out of 
the preaB, opened out, put into a oentrifugal washing machine, and 
washed with water until clean ; then the rotation of the maciiino is con- 
tinued, to throw out the surplus water. Or the pyroxyline, after con- 
version, may be placed in the centrifugal machine, and there deprived of 
the adds, and, without removd, be thoroughly washed, by admitting a 
eopious supply of water, the operation occupying from a few minutes to an hour. When the 
pyroxyline does not contain more than 5 to 10 oent of water, it is diy enough for solutian in 
naphtha, Sec, „ 


475 . 



2 



m 


OEIiliULOm 


Another improTement oonsista in mixing the pyroxyline and eolvent) and oomMnlng the aqlntion 
with oils and other matters, in a cylindrical vessel provided with a strainer or filter at the lower end, 
through whioli the materials are made to pass when sufficiently mixed and dissolved. Fig. 475 
shows a side view, partly in section, of such a vessel. A strong cylindrical vessel a is mounted on 
wheels b suitable for running on a light tramway, and fitted with a metallic bottom a* perforated 
with small holes and covered with fine wire gauze. The moist pyroxyline is first mixed roughly 
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Fig. 477 U a aide vi^w of another mixing apparatus awi is the frame of the apparatue ; on it 
is mounted the axis 6, which receives motion from a driving strap ; 6' is a bevelled wheel, driving 
two bevelled pinions c and d, mounted on tubular axes, turning in bearings on the flume. Within 
the axis of the wheel e, is another tubular axis e, caused to revolve with it by means of a groove and 
featiier, and able to slide up and down vertically, through the axis of the wheel c ; <?' e* is a frame 
of beating bars fixed at the lower end of the axis <?, and rotating With it ; / is anothemixie passing in 
a similar way through the axis e, tui-ning within it, and capable of sliding up and down within it ; 
this axis passes down through the axis e, and carries, at its lower end, the frame of beating bars/'/', 
which bars pass between the bars of the other frame <?' as they rev dve in opposite directions. Tho 
axes e and / are raised and lowered, so as to lift them out of the mixing vessel, or lower them down 
into it, by means of the hand wheel g mounted on tho axis g* ; is a spur wheel at the upper end 
of the axis </' j it drives another wlicel h, mounted on a hollow axis carried by the frame. This axis 
hfis a screw thread cut in it corresponding with tho screw », which works w ithin it ; the lower end 
of the screw embraces tho head of tlio axis / so as to cause it to rise and fall with it, but at tho ^me 
time allowing it to rotate freely. In n similar way, the axis c at its upper end is made to embrace a 
collar on tho axis /, so that when the screw i rises or falls, llio nxc's e and / with the Ixjating frames 
upon them go with it. This maohino is also very useful in mixing castor or jther oil with chloride 
of sulphur, to produce a compouiul to be afterwards mixed w ith tho preparation of pyroxyline. * 

According to another plan, the pyroxyline, having been disKolved and mixed with tho other 
ingredients, is kneadi'd, and the excess of solvent and moisture is evaporated in an apparatus of tho 
following description. Tho mixture is put into a 1^ provided witli an air-tight cover, and 
centaining a pair of rollers, which receive a rotary motion by suitable gearing on tho out- 
side. The axles of tho rollers enter the end of tho box by air-tight joints; tht'y are hollow, 
abd arc arranged to admit of tlm passage of steam (»r other fluid for heating the rollers. To this box 
or vessel there is a pipe attached, to convey off tho vapour of the solvent. In order to induce the 
passiige of vajxmr from the box, a fan or exhausting aj)parahis is ai>pU(Hl, whieli keeps up a partial 
vacuum, not only in the box, but also in tiio reservoirs containing the solvent, and in other parts of tho 
apparatus conuoctod with it. Tho vapour passing off from the box is first conveyed into a chamber 
in which there is a perforated partition, 'whereon chloride of calcium is placed ; through this the 
vapour rises, and any water is thus separated from the vapour of the solvent, which passes away 
from the cyliialer to a condenser. The vapour of the solvent, on being condensed, passes into a 
reservoir. 

Fig. 478 is a plan, Fig. 479 a transverse section, and Fig. 481) a front view of ibo kneading 
apparatus : — a is the frame ; on it is mounted a hopper A, into which tljo material is placed as 



it comes from the press ; at tho,l)ottom of the hopjier is a valve ft', which can be opened by hand 
when desired, to allow material to descend from the hopper to tlio rollers c and (f, which are made 
hollow and heated with steam internally ; the roller c is driven by the spur wheels c' and c", the 
latter of which is fixed on a main driving shaft ; c'" is a pinion at the further end of the roller c ; It 
gears with a pinion d' of larger size on the end of the roller d, so that the rollers c and d ore driven 
at different speeds, and have consequently a grinding action on the material passed between them ; 
a is a casing surrounding the rollers ; it is furnished with suitable doors, and is ghused at so 
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that aie workman may r^ily see what is going on within ; « s' are aper^ ^Wied with 
aleeres to allow the workman to introduce his arms within the o^ng a without oauaing any 
tnateriai esoapo ot solyent yapont ; f / » a coWecting kinio, set u^ to the anrfaee ot the xoUei c hy 
th© adjusting screws/'/. The 479. 

workman continually takes the _ -y, 

material as it collects behind j 

this knife, and passes it again ^ / 

between tho rollers ; he also \ / 

collects the nmteriul from tlic / /' £ ;; ' \ \ / 

table g beneath the rollers, and : ‘ \ 'iK ^ 

passes it repeatedly through the cu ;/P: >. ^ 

rollers, until it is thoroughly / ■ ' - - v 

blended, and tlie solvent is suf- / /j . f ! jwi 

ficiently evaporated to bring it ^ ; i ' iSl 

to tlie required consistence ; A \ \‘ V ’''''''^1/ ' 

is a pipe leading from tho top ^ ^ 

and bottom of the rasing, to 

cohduot away any 8olv<)iii or * ^ \\// 

vapour of solvent which escapee . ^ ^ 

from the mixture, to a cylinder 

oontttiniug chloride of calcium, ^ \\ ^ 

and thenco to a condensing uf»- /'/^ ^\\ \ v 

paratus. A fan maintains a ~~~ 7/ \ 

partial vacuum in the casing, // /'A H 

drying cylinder, and condenser, 1 1 ) 

and so draws tho vapour \\ // 

through tho apparatus. Tho \\ yy 

chloride of calcium cylinder X> ^ 

separates the vapour of water 

which results from tho moisture in the pyroxyline, and tlie condenser retains the solvent and 
delivers it buck into a suitable tank. 

Instouil of evaporating tho solvent used in making the celluloid, it may bo removed by precipi- 
tating the pyroxyline by means of water, min'eral naphtha, &o. There is thus obtained a semi-solid 
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mass, containing a small quantity of the solvent, which is passed through griiiidin^ rdils or other 
disiutegratiug machinery, and then worked up as usual. Ilie celluloid is placed in a vessel oon- 
taining a revolving agitator or beater, together with water or mineral najph^a In the pioiKkrtion of 
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1 lb. of celluloid to 1 qrt, of liquid, etid the agitator ia set in motion. After a abort time, the cellu- 
loid is lot out in a curd-like form, and submitted to pressure (not excessive), to separate tbo liquid. 
It is convenient to place it in a vessel of cylindrical form, and about 12 lu. in diameter, provided with 
a movable and perfbrated bottom, covered with several layers of vrire gauxe. This is filled with 
the curd-like celluloid, upon which a plunger is forced down, and a chc^se-like block is produced. 
This is rolled down between rollers heated by steam, as alrefidy described, and any pigment, Ac., 
is worked in by them at the same time, the mixture being passed through and through till 
perfected. 

The solvent used is preferably mineral naphtha, as free from smell as possible. The solvent taken 
up by the liquid is recovered by distillation, if water has been used ; but in the case of naphtha, the 
greater part will separate on standing, and may then be dccan*ed off. 

In order to make celluloid in imitation of pearl, fish-scales aVc mixed with the diasolvevl pyroxy- 
line, and a pearly-lustrous material is thus produced. To f >rm a thin veneer of artificial pearl, one 
part of this material is mixed with lOO parts of pyroxyline. I'iie latter is first ground with a solvent 
and 00 to a doughy oonsistency, the pearly compound is then added, the solvent is separated, and the 
celluloid is worked up in the ordinary way. But when the celluloid is required in a semi-fluid con- 
dition, the solvent must bo increased instead of removed, and a much larger proportion of the pearly 
material will be needed. The best lustre produced is that made in Franoe, from the scales ofc the 
whiting. In producing a coloured celluloid, prefereuoe should always be given to dyes — especially 
aniline — rather than pigments. The brightest aud most delicate colours may be imparted. 

To manufacture celluloid so as to resemble ivory, the following plan is adopte<l. The celluloid 
is made without any colouring matter, aud is kept as clean and white as possible ; when in a dough- 
like state, it is rolled into sheets ^ in. thick. Meantime another celluloid is prepared, containing 
carbonate of stroutia in the proportion of one part to about 200 parts of i)yro.vyline, and this also is 
rolled into sheets. These sheets are placed alternately one over another to produce any desircMl 
grain. A good plan is to lay a transparent and an opaque sheet one over the other, and roll them 
up together, then take the roll and twist it, pass it through heated rollers and roll it down into a 
slab, for cutting knife handles or whatever may be required. 

In working while or light-coloured celluloids, or those in imitation of pearl or ivory, it is neces- 
sary that porcelain or glass vessels shouhl bo used in its manufacture as far as possible, and the 
rollers througli which it is passed must bo covered with platinum, as other metals are acted ujkju 
by the celluloid. A coating of platinum in. tliick will bo very durable. 

For producing a white celluloid, without unduly increasing its spocitio gravity, the dissolved 
pyroxyline and other ingredients are mixed with white starch, either from wlieat, vice, potat')©B, &c., 
or with arrowroot, tapioca, or other amylaceous suWtanoi;, or with wheat flour, or with cotton, ground 
and bleached. 

To remove the solvent remaining in the celluloid, which inipjirts a slight odour to articles made 
of it, and renders them liable to shrink in course of time, such articles ar(! seasoned while in 
a partially manufactured state, by soaking thi'm in a liquid which will dissolve out the solvent 
without affecting the pyroxyline, such as bisulphide ol carbon, chloride of lime, or Ixuixol. The 
articles so soaked are afterwards placed in a yi'bsoI from which the air is exhausted, and the curing 
liquid is thus drawn out, condensed, and rcc^)verod. 

The process employed for making billiard halls is as follows. To 100 parts of pyroxyline, dis- 
solved, ground, and strained as usual, arc added 300 to 500 parts of the usual solvciiit — alcohol 100 
ports, naphtha 50 parts; 100 to 150 parts of arrowroot or starch ; and 50 to 100 parts of the best 
asinc-white. The solid matters are added to the plastic solution of the pyroxyline, and the whole is 
placed in a closed rolling or grinding apporatus, the rollers being heated by steam as described, and 
the compound is ground up till most of the s *lvent is driven off. The latter is recovered by convey- 
ing it through pipes to a Liebig’s condenser. The mass is now alsmt as stifl* as clay, and may ^ 
moulded or rolled, and placed in a waim place for seasoning. When well seasoned, the ball may bo 
turned. When less specific gravity is required, it is best to employ as much amylaceous suhstancea 
as possible, they being lighter than the zinc. Ground and bleached cotton fibre may bo ground up 
with the plastic pyroxyline, in the proportion of 100 parts disintegrateil cotton to 300 jmrts pyroxy- 
line paste. When making coloured celluloid with amylaceous substances or cotton, the colours 
should be added at the same time, and ground up with the other ingredients. 

Since the Paris Exhibition of 1808, where Parkes obtained a prize medal for his show of articles 
manufactured from celluloid, and whore the substance was first named Parkesine, the Americans 
have made considerable advance in the manufacture. A modification worth mentioning consists 
in employing camphor as the solvent of the pyroxyline. The latUr is first reduced to a fine 
pulp, by grinding it in water in a macliine such as is used for grinding paper pulp, and to the 
pulp thus prepared* pulverized camphor gum is added, in the proportion of one part by weight of 
to two parts pyroxyline when dry. At the same time* is added any desired materiel for 
colouring the oeUuloid, or modifying its speoific gravity. The egmpkor is oouuninuted by gnuding 
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in mter, tritnmtlon, or solution and precipitation. The camphorated mass is placed in a mould, 
and heated to a sufficient temperature to liquefy or vaporize the solvent, and . is then subjected to 
heavy pressure. The temperature should never exceed 149® (300® F.), or the pulp in contact with 
the mould will become charred ; sometimes 66® (150® F.) suffices. The mixture should remain in 
tlie mould under heat and pressure till the conversion of the pyroxyline is completed ; it is then 
left to cool under prossure in the mould. When first taken out, it has the consistency of. sole 
loather ; but is easily sofWned by heat till the camphor has evaporated, when it grows as hard as 
luim. 

For dental purposes, the transformation of the pyroxyline is effected by camphor, and witliout 
the tjse of fixed oils or fusible iiou-solvent gums, which are required to he combined with the 
material when etlier, alcohol, &c., are used, and which would impair the strength, durability, purity, 
and firmness of texture essential in dental plates. Fifty parts at least by weight of camphor are 
iiddc'd to one liundred parts of sfduble pyroxyline; more camphor makes the compound more 
plastic. Tho])latcH formed arc plat-cd in a drying room heated to 65®-82® (150®-180® F.), the latter 
i>eing tlm maxiiniun, to drive off the camphor. A temperature above 93® (200® F.) will expand the 
material, and make it i)oroiiB and brittle. It is said that this compound is lighter and stronger 
than dental vulcanite or indiarubbor ; its colour is the same as the natural gum, and is unchange- 
ahlv ; it has no unpleasant Uisto; it is absolutt ly non-injurious, and never shrinks or warps after 
setting. 

TliO following proocHH is adopted in practice to dissolve the pyroxyline in camphor, eliminate 
the solvent, ami form a solid mass of celluloid at one operation. The j)reparod mixture of soluble 
pyroxyline and camphor is first dried, by eompressing llio moist, pulpy compound into conve- 
nient sized cakes, al>out ^ in. to 1 in, tliick, and arranging them in a pile with intermediate layers 
of pap(T, or other absorbent material, and subjecting the pile to pressure in a hydraulic press; 
By this moans, the material is uniformly and suflici(!ntly deprived of its moisture, while the com- 
pression of the material and exelusion of the air prevent all danger of ignition when exposed to the 
sun or the hontod air of n drying room. The mixture of pyroxyline and cam])hor is subjected to 
pressure by means of a plnng<'r in a heated cylinder provided with a disclmrge nozzle or pipe, the 
cylinder being of sufllcicmt length to ca\is(' the conversion of the pyroxyline to take place while the 
material is Ixang gradually forced through it, so that by replenishing it as it becomes partially 
empty, a gradual discduirge of the celluloid is effected, in the form of a continuous bar or sheet as 
desired. The cylinder is iinocpmlly heated, in such a manner that the mixed material will first 
bocompaetod in th(5 cfdder portion, before tho solvent is melted and the process of transformation 
commences. Tli(» air is Hiuh allowed to escape more freely, and is more (‘onipletely oxiK.*lled, while 
the convc’rsion of ilie pyroxyline is oftected in /another and hotter ]>ortion of tho cylinder, as the 
mass is forced thiough it. The n{)pcr or receiving end of tho cylinder is cooled by being 
surrounded by a cold-water jacket ; and the lower or <liscJiarging end is heated by a steam or hot- 
water jacket. The former is supplied by tho escape pipe of the hydraulic engine. In tho discharge 
Olid of tlu' converting cylimler, is a central lieating and distributing case, constructed with radial 
pins or })rojecliojis, by which tlio material, before it escapes from the cylinder, is caused to pass 
througlv the annular space around the central core, and in contact with the heated surface of the 
cyllndor, while the spurs or pins divide and mix the material, and at tho same time serve to conduct 
tiie heat from the cylinder to tlie eoniral ('ore. q’be discharge pipe is passed through an equalizing 
warm-water vessel, which ket'ps it snlheienlly warm to prevent the material in contact with tho 
inner surface cooling fasi(T than the central portion, as tho unequal cooling, and consequent 
unequal consisleney, of tin' different portions of thi' material would cause tho oeutral and softer 
portioti to move faster than the out(‘r and harder portion, thus destroying the homogeneity of tho 
mass, and rendering ilie surfaee rougli and broken. 

The Holnbli' pyroxyline is first comminuted in a wet condition, and the excess of water is pressed 
out. Tho camphor and colours, as recpiireil, are then thoroughly incxir^iorated with it by the 
mixing ndlers. Tlio eompoiind, thus prepared, is formed into cakes by means of a mould and 
follower, tho bottom of tlie mould Ixung made separate, and serving to transfer tlie formed cake to 
the i>ile. Those enkoH are preferably mmie about 12 in. square, and J to i in. thick; it would be 
difficult to prt»perly absorb the moisture from thicker cukes. Tliose ore laid up in a pile with layers 
of blotU!ig-papcr between thorn, and are then placc'd in u hyiiraulio press to remove tho water as far 
as necessary. During this process, tho compound is protccled from the air, to prevent evaporation 
of tlie camphor, and to avoid the ohanoe of ignition. Tho rapidity with w'hioh this drying is ©fftjcted 
ensurtis great saving of time and space. Tho dried material is ready for conversion into oellulotd, 
tv>r which puriiOBo, it is transferred, with the solvent, to the convt'riing cylinder. The beat from 
Uie steam-jacket surrounding the lower portion of this cylinder brings about the ccmvnndon of tho 
pyroxyline to a hoim^goiKHms mass of ct lluloid, which is then forced through a discharge nozzle, 
ronstructtil occoKling to the deBinnl form of the product, e. g. in bars or sheets, or directly into a 
mould of tho article to Im manufactured- 
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The twe of Bolrentfl and combinations of solvent materials has been attempted or 

pr.>paPodj e.g. a mixture of camphor and oils in about the following proportions, vis. : — 

Camphor, camphor oil, or liquid camphor 20 parts by weight. 

Oil, such as castor or linseed, before or after boiling , . 40 „ „ 

Pyroxyline (soluble) 40 „ „ 


These will give a consistency suitable for covi ring telegraph wires, or for moulding or spread* 
ing. For material with greater or less flexibility, or greater or less fluidity, the proportion or 
character of the oil must bo changed. In producing very hard or rigid material, it is preferable to use 
oils which will themselves harden by exposure to air, as those which have boon boiled. Camphor 
may also bo usOd in about equal p’-oporiions with hydrocarbons Laving a boiling-point at 10l°-204° 
(220^-400° F.); or with alcohol or spirits of wine; or hydrocarbons in equal proporrions with 
alcohol ; or castor oil in equal proportions with alcohol ; or a distillate of a mixture of camphor 
oil and hydrocarbons, or of camphor and bisulphide of carbon in conjunction with alcohol ; 
or aldehyde, either alonfi or witli alcoliol. Either of these solvents may be omplc'yed with the 
other ingredients in about the following proportions, to produce a semi-fluid celluloid 

Pyroxyline (soluble) 27 parts by weight. * 

Castor oil 27 „ „ 

Camphor .. .. 6 „ „ 

Either of the foregoing solvents .... 40 „ „ 


The cousisteney will depend chiefly on tho proportions of the oil, ns before. 

I’be most recent and valuable improvements in the manufactiiro of colluloid, for all nuium'r of 
pdurjTipBes, will be found in two patents (Nos. 18C.5 and ISOO) taken out, in May last, by Henry 
Parkes, a relative of the first European discoverer of tin) substance. 

Usos, — It is only fair to promise that, in the following sketch of some of the applications of 
celluhfid, DO pretence is made to exhaust the list. It possesses such a combination of valuable 
properties that its sphere of usefulness must of necessity be oolargod, as the article becomes more 
generally known and appri ciated, and as further steps are mad(^ in the direction of controlling its 
rather combustible teiuh-ncios under climatic cliangos. NevertholGss, it will bo soon from tho 
sequel that it has already attained a liigh degree of importanct'. It is superior to ivory on tho 
score of durability, as it sustains Imrd blows witliout injury, and never loses its colour. One 
whole company in tlie United States employ it exclusive ly for organ and piano keys, and its con* 
siunption for that and similar purposes Ims assumed such projiortions that ivory is much reduced 
in price in consequence. Billiard balls can be made from it at luilf the cost of ivory, while 
possessing equal elasticity and greater durability. It is extensively employed for making combs, 
brush backs (sec Brushes), and various other h)ilet things wherein ivory lias hitherto Iifien used. 
For small-tooth combs, tho cost is 25 per cent. Jess than ivory, on 1 in large pi(M‘e8, the diflerenoe 
is enormous. It ofiToctually di-'-places ivory, too, in harness trirnrnings, fixit-ruhis, ehessmeui, and 
handies of various kinds, esp('cially knife htkI fork handle's, for which purposes it is aihnirably 
adapted, as it neither cracks nor becomes discoloured by hot water. ludiaruhber generally holds 
its own ill competition with celluloid, on account of tho relative prices ; but tho latttir is much more 
durable, and is snpt^rior for penoil-casOR, jewellery, &o., where gold mountings are usid, as it does 
not tarnish the metal, whereas the sulphur in indianihber tarnislies oil gold under 18 carat. This 
freedom from sulphur, and the reiidiness with which it takes a natural flesh-tint, have causcxl cellu- 
loid to be used for dental blanks or gum, and other attachments of artificial teeth, in lieu of 
vulcanized indiarubber. it can lx; mottled to imihito the finest tortois( ‘shell, and its olastloity 
renders it less liable to fi*acture. In this form, it is miicb used for combs, card and cigar cases, 
match-boxes, p(x;ket-bookH, napkin-rings, and all sorts of fancy articles. It carj be made to resemble 
malachite and amber equally well, and is very suitable for the nnoiith-pieccs of pip<iH, cigar-holders, 
fiutos, flageolets, &o. For drum-heads, tro, it is Ixjttcr than parchment, as it is not aflected by 
moisture. It replaces porcelain in the manufacture of dolls’ lu'ods, wdiich arc practically unbreak- 
able. Coral of all shades can Ixa copied exactly, hut dark or bright rcfl, and not tho rare and wxitly 
delicate pink shade, are mostly in demand For optic. d gixKls, such as the frames of sjxictacles, eye 
and opera-glasses, it comj)efces successfully with jet, tortoiseshell, &c. ; and for plndographic purjwses, 
it is superior to ivory. It is usewi for 8ho<vtips ineteiMl of metal, and has tlie apyx^arance of patent 
leather ; it is also employed in in-sole.^. Many thimbles are made of it ; and it is said to be the best 
material known for emery- wheels and knife-sharpeners. Within tliis lust eighteen months or so, 
a new demand has arisen for Uie substance, as a substitute for linen or paper in shirt-fronts, cuffs, 
and collars. It looks like well-starched linen, is sujfBciently light aad flexible, does not wrinkle, is 
not affected by perspiration, and can be worn for months without injury. It soils less readily than 
linen, and, when dirty, is quickly cleaned with a little soap and water on a flannel. A more recent 
improvement consists in placing real linen between two sheets of celluloid. It has also boon 
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tHcisd for neoktieSi For hatbands and hat sweat-bands, it is dearer than the artidles in present 
use ; but it is much superior, as it does not become rubty or greasy. 

As yei the seats of manufacture are exceedingly few, principally owing to the fact that almost 
all the details of the manufacture are the subjects of patents, which are the property of only one or 
two individuals. All the celluloid produced in the United States, where the manufacture and 
application of the substance have received the greatest impulse, is turned out by one firm at Ke^ark, 
iu New Jersey. Tliere is one works in Fiance, at Staines, on the Seine, but beyond that there is none 
in Eurbpe. A company instituted in England failed through constitutional defects, and a works 
started by a Hanover firm was abandoned because of the explosive nature of the material. If 
greater energy be not s(X)n displayed in England, we shall proliably become importers of the substance, 
first discovered and manufactured in our own country, by A. Parkes, so long ago as 1855. Though 
the invention is thus of no recent date, the manufacture has only been developed within the last few 
years. 

The commercial price of the article in France is 8 francs per kilo, (about 2«. lOd. per lb.) for the 
raw product, and variable for coloured sorts. In America it sells at 2 dollars (8«, 4d.> per lb. for 
making umbrella handles, &c., while the same substance is charged at 4 to 5 dollars to jewellers, 
the price being adjusted according to the competition exporiencetl from the various substitutes. 

•The American firm is concerned only with the manufacture of the raw material^ which it 
supplies in blocks to the consumers, who have to i)repare it according to their special needs. It is 
said to bo exported largely to Cuba and South Ameiica. 

Vulcanized Fibre.— Under the name of “Vulcanized Fibre,” an American firm, whose 
works are at Wilmington, arc producing a material much resembling celluloid in its origin and 
applications. It is prepared from a thick, spongy, reddish-brown paixir. specially made for the 
purpose, which, when aefed upon by certain chemicals, loses its original character, and is trans- 
formed into a homogeneous mass of almost metallic hardness. The material emerges from the 
process of manufacture in large flat sheets, which are made up into a long list of articles, principally 
for railway use, as fish-holt washers, oil-box covers, “ dust-guards,” &c., &c. The company, it is 
said, sells nearly a quarter of a million trfick-bolt washers a mouth. An important application of 
the substance is for the manufacture of condense-pipos for steamers ; exposure to tlie action of salt 
water, and alterations of temperature, do not seem to affect it in any way. From the scraps left in 
cutting largo articles, c^vrriago-washers are made. Roving-cans, used in cotton-mills, and formerly 
made of tin, are now made of this maUjrial. As yet, it has not been largely applied to making 
orufvmenial articles ; but its finish ujakes it well suited to such purposes. It cannot bo moulded 
but may be sawn, cut, or turned ; is capable of receiving various colours, and is used in both the 
polislied and un}x>liBhed state. * 

(See Brushes ; Buttons; Ivory; Nuts.) 


CEMENTS. (Fn., Ciment ; Ger., Cement.') 

A cement is a substance, wliich, on being applied to the surfaces of two bodies, causes them to 
adhere strongly, when brought into contact. For the purposes of easy reference, a system of classi. 
ficatiou will be adopted in dealing with this subject, the subdivisions being Calcareous cements 
Gelatinous ceraonts, Glutinous onuents. Resinous cementing compounds, and Non-rosinous 
cementing comi>ounds. These will bo followed by a number of compositions often erroneously 
termed cements, but more properly designated Lutw. ^ 

Calcareous Cements. — Tliougli comparatively few in number, those are by far the most 
important cements. I’boir ingredients are all obtained from the mineral kingdom, and their efficacy 
depends chiefly \q)ou the treatment of tho raw materials, and the proportions of their admixture. The 
principal varieties are the following : — 

J/o/’tar.— Mortar is composed of two essential ingredients, lime and sand, which are intimately 
mixed, in a fine state, by the agency of water. The sources of lime, iu this country are very 
abundant. It is obtained from tho crystalline marbles of the Metomorphio system; from the 
coralline and shelly beds of the Silurian ; from the comstones of the Old Red Sandstone ; from the 
coralline and shelly marbles of the Devonian ; from the coralline, encrinal, shelly, and fresh-water 
beds of the Carboniferous ; from the dolomites of the Permian ; from the muschelkalksand irynanms 
of tho Tnus; ftx>m tho oolites of tho Jurassic: from the shelly bands of tho Wealden • from the 
chalks of the Cretaceous ; from the gypseous and nummulitio strata of the Tertiary • * from thA 
laoustrinc marls of tlie Post-Tertiary. In composition, these locks vary considerably, 'some h2l 
essentially carbonates, others sulphates, others again magnesian or dolomitio ; further, these mav ^ 
argillaceous, bituminous, ferruginous, or siliceous, ^ 

The limestoues best suited for tho manufacture of common mortar are oarbonutos which are fren 
from silica alumina, iron. The^ after being quarried, and broken into pfepes of a oonyenie^ 
size, w calcined in kilps oonsfcrnctsd in a variety of ways. The kUn sbonWbsplaeed as nZ L 

|KM«ible to the qnwries whence ttie stone to extracted 



OEKIEKTS. 


619 


has been exposed to thb air, the less fbel will be consumed iit driving off its inherit moisture, or 
“ quarry woter.*^ Generally, ordinary pit ooal is used in the ealcination, one ton being necessary Ibr 
every 4t or 5 tons of limestone; for some kinds of stone, however, slaty, or shaly ooalii, are better 
adapted than superior ooal, not only from their being cheaper in price, but also because they bum 
the stone more slowly and equally, at the same time keeping it “ open/* and preventing its slagging 
and sintering. These impure coals may cause a greater amount of kiln-dust ; but the lime will bo 
more free from cores and slugs. When properly burnt, tliat is to say, when not slagged or coated 
with a siliceous glaze, from too Sudden ignition, the limestone will have lost its carbonic aoid, and 
will have become converted into caustic or “ quick *’ lime, protoxide of calcium. One hundred parts 
of raw limestone should yield 0fty-six parts of quicklime. 

The proper selection of the send has as great 4*n influence upon the mortar as has the charaoter 
of the lime. The “ sharper ** and ?leaner the sand, tlie better ; the finest mortar is made with clean 
pit or river sand ; the presence of earthy impurities will interfere with the chemical union of the lime 
and silica ; sea sand is suro to be impregnated with salt, which will subsequoutly cause deliquescence 
or efSoresoenoe. 

Before mixing the lime and sand together, to form mortar, the former must be “ slaked ” with 
water. One volume of water is added to throe volumes of lime, when the latter “ falls down,” with 
violent evolution of heat, into, a powder, whose colour will rost‘rable the tint of the limeAono 
employed. Tlie more rapidly and completely it falls, the better the lime ; a lime that falls slowly 
and unequally will never be satisfactorily cohesive. When the lime is slaked, more water is applied, 
to convert it into a pulp or paste ; this paste, thorouglily inoorponited with an equivalent of sand, 
constitutes common mortar. The proportion of sand will vary with the richness or fatness ” of the 
lime, which latter is dependent upon the purity of the original carbonate of lime ; for poor limes, 
2 2j|f parts of sand will suffice, while some fat limes will take 4 or 5 parts, and yield a superior 
mortar. The longer a lime remains slaked before being used, the stronger will be the mortar made 
with it. The admirable solidity of ancient buildings is entirely due to the fact that the slaked 
lime was covered with turf, and kept for a year, ofUm even three years, before use. It is scarcely 
necessary to remark that mortar isdistinguisheil from hydraulic cements, by its incapacity to set, or 
harden, under water. 

Hydraulic limestones^ or those which yield a lime capable of setting under water, are not so 
abundant as ordinary limestones. The blue Lias, stretching from Wliitby, on the north-east, to Lyme 
Regis, in the south-west of England, is the chief source. Available beds, which have been igno- 
rantly n.'garded as bastard ” limestones, and therefore neglected, occur among the Carboniferous 
limestones of Flintshire, Northumberland, Lanarkshire, East Fife, and the Lothians. These may 
always bo distinguished, according to Dr. Pago, by their tougher, earthier, and less crystalline 
texture, by not effervescing so violently under acids, and by weathering more slowly into a deeper 
brown surface. Some of the argillo-calcareous ironstones, known as “ curl,” and cone in cone,'* 
and containing about 10 per ceut. of iron, arc used, as at Coalbrookdalo, in the mamifocture of 
hydraulic cements. The Septaria^ or argillo-calcareous nodules, f the London clay and lower Lias, 
are well known for their strong and energetic hy<Iraulic qualities. Recently, the beds of exceed- 
ingly pure gypsum, disclosed by the sub-Wealdori borings, have been drawn upon by cement- 
makers. 

There are some scores of hydraulic cements in the market; but their composition varies rather 
in method and proportion of admixture, than in the ingredients themselves. The essential com* 
ponents are lime, clay, and oxide of iron ; the lime may vary from 50 to 80 per cent. ; the clay, from 
26 to 40 ; and the oxide of iron, from 3 to 14. In some cases, the limestone employed is naturally 
hydraulic; but more often, that quality is attained by an artificial admixture of the requited 
materials. 

The following are some of the best -known hydraulic cements : — 

This cement is made from the nodules of indurated and slightly ferruginous marV 
known as Septaria, belonging to the London clay, and found in the Isle of Sbeppy, at Harwich, and 
on other parts of the south-eastern coast These, as well as the argillo-calcareous nodules from the 
lower Lias, are naturally hydraulic limestones; when well selected and prepared, they furnish a 
quick-setting, strong, and durable cement. They are burnt with pit coal in conical kilns, in 
the same manner as other limestones, care being taken to avoid excessive heat, as, if the lumps 
undergo the slightest fusion, even on the surface, they will bo unfit for oement-niaking. Alter 
proper roasting, the calx is ground to very fine powder, and immediately packed in barrels, to 
exclude air and moisture. For use, it is tempered with water, and applied at once ; it soon hardensb 
and will not boar being softened down again with water. 

Pw*s,^Qnioklime, 1 pan;t ; baked day, 2 parts ; powdered, mi3ted, and calcined ; then, gypsum^ 
fresh baked and in fine powder, 1 part, &b added to powdered baked clay, 2 parts; mixed well, 
added to the Immer oompoond, and the whole thoroughly inoorppi||ed. It is very hard and durable. 

so largely manitfocttiied ou the Tyne, ai^ other Tiver% 
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coxiBists of about 80 parts of chalk or rich lime, and 20 parts of duviatile mud, or clay ; the two 
ingredients are incorporated wet, then dried, calcined, and reduced to powder,. 

Genuine Roman cement is manufactured from pozzmlana^ a ferruginous TOlcanio ash 
from Vesuvius and other Italian volcanoes, and lime ; or, from a combination of lime and a Tertiary 
volcanic earth, or kind of pumice, called trass, which occupies wide areas in the Eifel district of 
the Rhine. The only preparation required is grinding to an impalpable powder. The Roman 
cement made in this country is obtained from the Septaria of the London clay and the lower Lias, 
from the cement stone of the upper Lias, and from the shalo beds of tlje Kimmeridge clay ; it is 
also manufactured from several artificial admixtures of lin»e and ferruginous clay, calcined together. 
It must bo kept in elosed vessels, and is mixed with water for use. 

For further information on the subject of Calcareous Cements, the reader is referred to 
Spons’ ‘ Dictionary of Plngineeriug,’ and Supplement ; to Roid’s ‘ Cement *; and toPage*s ‘ Economic 
(Geology.’ ^ 

Gelatinous Cements. — All animal tissues contain an adhesive substance, which anatomists call 
“ bistosKi.’* When the tissues are boiled in water, the histose is changed into a substance called 
“ gelatine,” which is dissolved by the water. It may afterwards bo separated from the water by 
simple evaporation, whe7i it forms a dry, bard substance, which lias different names according to the 
source from wliich it has been inaniifaeiiired. I’liat obtained fi*om*cartilage is called ‘‘chondrine 
that from bones, horfs, and li ides, ‘‘glue”; that from the air-bladders and intestines of fishes, 
“ isinglass ” ; and that from the le,H8 tenneions and adliesivo constituents of parchment scraps, and 
some other animal mombrnnes, “ size.” The process of manufa(;turo, in all these cases, consists in 
boiling in water; the hot water causes the animal snbslanees to change into gelatine, which 
it dissolves. (See Bones.) Of tlie prodiictH mentioned above, two only are employed as cements, 
viz. (Hue, and Hizo. ’ 

(JIhi \ — Hiirt usefid article is made from fresh bones, freed from fat by previous boiling ; from the 
refuse scraps produced in trimming skins for taimors; from the hoofs and horns of cattle ; and from 
leallu'r (uittings. 'i'ho bcht glue is obtained from the “ soundings” of sheep-skins and cattle-hides, 
known us lleshings,” and uI.mo, from their industrial ajiplication, as “ glue-picccs.” These are 
first jilaced in pits cootuining milk of lime, where they nro allowed to soak for several days, or even 
three wc(‘ks; the milk of lime is changed every six or seven duys, and the pieces are occasionally 
turnwl over. When sufficiently soak<*d, the jiiecc^s aio taken out to drain and dry, for which 
purpose th(sy uro placed on hurdles, or in layers on a sloping pavement, and turned over three 
times daily. When dry and hard, t liey are ready hi he sold to the glue-mannfactnror, and are a better 
materia^ for his purpose than th(‘ fri'sh skin-pieces. The fir.4 oj^^ralion of the glue-maker is to 
soak th(’ piieeijs in weak limci-water, uTid tlion wash them in huskets under a stream of water. They 
are thou drained, and exposc'd to the air, so as to (‘uuhlc tlie adhering lime to absorb carlx>nic acid 
from the atmosphere, and thus b) lose its caustic properties^ wliieh would destroy part of the gluo 
during the snbso(iuent boiling opcirations. Gluo whicli is b> be used as gelatine, for culinary 
purj:Hw(m, is dcrivinl from perfectly clean and fresh bones. For the manufacturo of this material, 
boef-hotu's are jireforred to all otliers, as they yii-ld a perfectly transparent article, sold under tho 
name of gelatine or isinglass. Cklf-bon(‘H give a milky gluo; hog-boncs create a blackish foam in 
tho solution ; while tlie product from shoep-bonos always retains tho peculiar odour of tho fat of 
ihoBo animals. The gluo made from hoofs and Ixmos is always brown and of common quality. 
Wiiatevor th(^ substance used, whotlu r gluo-pii>c< s, liones, or horns, tlje process is essentially the 
same. The raw matmial is put into a fiat copper boiliT, provided with a perforated false bottom, 
at a little distatice above tin? bottom, so as to prevtmt Hie solid maloriul from touching tho shell, 
where it would stick fast and bo burned. The Ixulor is two-thirds filled with water, and heat is 
applied. In a few hours, after stirring repeiit(‘<lly, the pulpy liquid is drawu off in sucoi-ssive 
jxrrtions, as soon as it is pt'roeived tliat a sample taken out gelatinizes on cooling. Ex|>crience has 
taught, that t^Ki long Ixuling injures tlie gluo. The tost for this cooled gelatinized material is that 
it must bo fit to be cut into slices witli a wire. Beforo drawing oft‘ tho solution, the fire is let down, 
BO as to stoj) the boiling, and allow the liquid to clarify by settling. The liquor is then drawn off 
into a deep Ixnlt'r, wliore it settles for tho second time, remaining hot for from five to six hours* 
Tho longer it stays in this vat, the letter it will l)o clarified, and the higher will be its market 
price. Often a certain proportion of alum is added ti7 it at this stage, to assist the separation the 
impurities. 

From the vats, the warm liquid is run int<7 slmllow, flat coolers, consisting of wooden boxes, 
about H ft, long, 12 in. wide, and 9 in. deep These are placed in a cold situation, so that the 
liquid may cool and gelatinize, This opemtion occupies from twelve to eighteen hours, according 
to the state of the weather ; at the end o(‘ this period, the glue will be suffioiently firm to be taken 
out tuj an elastic cake. For this purpose, the wooden boxes are inverted pn a moist tsblo, and the 
mass of glue is tlion divided into a series of blocks, or “ gobbets” ; these blocks am next placed in 
a wooden fmmo, 12 in« by 7 in. by 6 Ip. deepi and provided with about a dbjtea fOit^ the whole much 
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lesex&bling a set of BohooWlate frames placed together. Each block id then out horizontally into 
slices, by means of a brass wire stretched like a bow-saw on a jTraum, and inserted in the slits of the 
frame containing the block. The slices, thus out, are laid out on sheets of galvanized iron wire 
netting, exposed on every side to the air, for the purpose of drying and hardening. This part of 
the manufacture is most exposed to the risks of possible failure, by reason of the influence exerted 
by the weather. A sudden heat will soften the glue, so that it will run through tho nets; moist 
weather will prevent the drying, and, if it is warm at the same time, tho glue may be so spoiled, 
and acquire such a bad odour, as to be flt only to bo thrown away ; a fog, or a thunderstorm may 
spoil the operation, and render all the previous trouble and expense totally useless. Glue which 
has once manifested a bad smell during tho process of manufacture, even though dried afterwards 
to a perfectly odourless solid, will reveal its qualify when dissolved at any subsequent period ; nay, 
while still dry in the barrel, it wil i become disagreeably odorous on every moist day ; and, whi|;t is 
worse, walls on which this glue has been used will give out the smell in damp weather. As a 
matter of course, such glue loses much of its commercial value. In the course of drying, the slice 
of glue shrinks until its size is only half of what it was when in a moist state ,* and ii requires to he 
carefully watched and turned, to prevent uneven contraction, which would cause ii to split. After 
being dried, the slices are taken into sheds, and washed with boiling water, for tho purpose of 
removing any dirt or dust, which may have adhered to their surface iu the course of drying. Tho 
glue is then packed ready for tho market. Tho qualities commonly made are “ town glue,’' worth 
about 6d. a lb. ; “ strong Kussian dark," 9d. ; “ finest kid," Is. 

When glue-making is |jroperly conducted, there should be no waste i)rodiict. The large bones, 
aflor boiling, may be sold to the button manufacturer (see Bonos, and Buttons); tho small bones 
are valuable for making bone black (scio Blacks), or for tlieir fertilizing prop(?rties (see Manures) ; 
hoofe are useful for making combs ; hair from tho “ fleshings " has many Rpj>lications ; tho waste 
lime from the pits is an excellent manure. 

A great improvement in the metiiod of conducting the manuf. cture of glue is the application of 
superheated steam to the mntoriuls, by which a much larger proportion of glue is extracted, iu a 
shorter time, and at less cost. Another improvement is the addition of Parib white (fine chalk) to 
the glue used by cabinet-makers. It has the following advantages : — 1. It iricrt'ases tho adhesive 
qualities of the glue. 2. It makes tho glue look whiter, and thus gives to a browner glue, the 
lighter appearance of a more expensive quality. 3. It is a pecuniary gain, sinc(} a substance 
costing only l^d, or 2d. a lb. is added to one coating Is. Hd. to Is. 8d. ; but it is not to be 
considered as a common adulteration : the buyer loses nothing, ns the pric,e is proi)Ortionally 
reduced, while tho quality is improved. This is an American plan, and explains the milkiuess of 
tlie glue made in tlio United States. ^ 

A novel feature in glue manuracturo is tbe utilization of b^htber refuse for tho purpose. Old 
leather, or leather refuse, is subjtjctod to tho action of 15 per eoiit. of a mixture of slaked lime and 
water, in closed vessels, at a tempera tuie of 121^ (250^“’ F.). In lids way, tho leather is completely 
decomposed. Its principal constituouts being tannic aci<i cioml h)ed witli gi latino, tho tnnnio acid 
attacks tho lime, forming tannato of lime, while tho gtdatine is wt free, and is dissolved in the 
water. Tho high temperature required for tlie operation injuies the glue, which is undoubtedly 
somewhat deteriorated by the previous action of the tannin on tho leather from whicli it is derived. 
For these reasons, the glue obtained from leather is inferior in its adhesive qualities ; but it may 
do very well for culinary purpf) 808 . 

The Laplanders make an excellent glue from the skins of porches ; and it is })robable that eel- 
skins would serve the same end. Tiie largest skins are chosen, and drii d ; they are then moistened 
with cold water, till they have become so soft that tlje scales can be separated; the latter aro 
thrown away. Four or five of the skins arc then put into a reindeer’s bludder, or wrapped up in 
tho soft bark of the birch tree, in such a manner os to exclude water. Thus covered, they are 
placed in a pot of boiling water, and kept at tlio bottom by mcfans of a stone. After Iwiling 
for about an hour, they are uncovered, having, by that time, become soft or viscous. In this stat<», 
they are employed for joining the two pieces of the I.^pp liows ; if pressure bo exerted till the glue 
is quite dry, the joint will never give way. 

Good glue should be hard, and diflSeult to break with a hammer, tljough, when broken, it should 
yieliyfmddenly to the force, and present a sharp vitreous fracture. It must be admitted, however, 
that some very fair glues, in thin pieces, will yield or bend a little, even when quite dry, l>eforo 
breaking. The colour, whether dark or light, should be bright, not too dark, and without any 
green tint. The substance should be transparent, and free from foreign particles, and should be 
capable of absorbing a considerable quantity of water, say, at least four to sevt n times its own weight. 
Generally speakiug, the amount of water thus absorbed will serve as an indication of the quality 
of the glue, provided that the resultant mass is not too friable, and remnins clear, or nearly so, and 
that when it has been melted and allowed to cool, the jelly it forms is tolerably clear and fresh, and 
not liable to rapid spontaneous pntrafiftctioii. From careful eatperimeiits made with dry glue, 
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imiimed for twenty-four houre in water, at 15® (60® F.), and thereby traneformed into a jeliy, it 
wttfl found that the finest ordinary glue, or that made from white bones, will absorb tw^ye times its 
weight of water in twenty-four hours ; that glue from dark bones will absorb nine timei Its weight 
of water ; while the ordinary glue made from animal refuse will absorb but three to five times its 
own weight of water. 

One of the best chemical tests of the quality of glue is to ascertain the proportion of pnre 
gelatine in the mass. This may be done by means of a solution of binitrate of mercury, in water 
acidulated with nitric acid. The tost should be compared with a solution containing a known 
amount of gelatine. 

The usual chemical test to distinguish the presence of glue in any liquid is tannic acid, which 
forms, in a solution of any kind of gelatine, a copious leathery precipitate, of which the particles, 
however, cannot be made to adhere together like leather, the fibrous structure of the “ histose,” from 
which the gelatine is derived, being absent. 

The imports of glue and glue clippings into the United Kingdom, in 1870, were 80,29S cwt., 
valued at 3C,01G?. ; and the exports were 2439 cwt., valued at 4937/. 

Liquid Glue, — (a) Ordinary glue, 5 lb., is dissolved in water, contained in a vessel which may be 
heated by means of a water bath, care being taken to stir from time to time. When all the glue 
is melted, 1 lb. of commercial nitric acid is gradually added in small doses. This addition creates 
an etfervoscenco, and a disengagement of red nitrous fumes. When all the acid has been poured in, 
the vessel is withdrawn from the fire, and the contents aro left to cord. This glue may be kept for 
a long time, oven in uncorked vossols. It is used cold, by means of a brush. It may also be 
employed as a lute, by spreading it on strips of linen. (6) Ordinary glue, 100 oz., is dissolved in 
a water batli with 250 oz. vinegar ; when the whole has become liquid, 250 oz. ordinary alcohol, and 
10 oz. alum are added, the mass being kept over a fire for a quarter of an hour. It is ^ery 
tenacious^ and does not become putrid. When too thick, a little water may be added, and the 
mixture may he heated. It is very useful for cementing, in the cold, a variety of small objects, and 
is much employed by the niakers of false pcfirls. (c) Four parts by weight of gelatine or ordinary 
glue are dissolved, in the cold, or better, at a gentle heat, in ton parts of eommeroial acetic acid. 
(d) Glue in fine pieces, 0 parts, macerated for some hours in water, IG parts, adding hydrochloric 
acid, 1 part, and Huli>batc of zinc, 1 J part ; the whole is then exposed, for ten to twelve hours, to a 
tomperaturo of 80® or 90® (176®-194® F.) ; the mixture will keep unaltered for a long time. 

Parchment Glue. — Parchment, 10 parts, is cut into small pieces, and boiled in 128 parts of water, 
until the liquid is rodiiood to 80 parts. The decoction is filtered through linen, and evaporated 
over a gentle fire, until it presents the desired consistence. 

A recently introduccnl size whh^h, for the paper-maker’s purpose, is said to be 50 per cent, 
cheaper and much better than the ordinary size, is made in the following way -In a copper pan 
heated by steam (waste steam will do) from 45 to 50 lb. of gMida is dissolved in 200 to 240 lb. boiling 
water; while still boiling, 300 lb. powdered rosin is added, and thoroughly stirred in till it is 
entirely dissolved, an operation generally requiring three to four hours. This soda-rosin compound 
is dissolved in water, in the proportion of 1 lb. of the former to .30 to 40 lb. of the latter ; it is then 
thorouglily incorporated with a glue solution, made by dissolving 100 Ih. glue in 800 to 400 lb. 
water. The two solutions are then boiled together for alwut ton minutes, after which the mixture 
is run through a fine sieve or liltcr, and is then ready for use. The best proportions for mixing the 
vegetable and auimal sizes aro, for part of rosin. 1 part of glue: for some purposes, equal jmrts 
of each may be taken. Tlie addition of starch, if required, can be made as usual. 

Watcrprwf In order to romh’r glue Insoluble in water, even hot water, it is only necessary, 

when dissolving the glue for use, to add a little bichromute i^tash to the water, and to expose the 
glued part to light. The projK^rlion of bichromate will vary with circumstances; but for most 
purposes, about of the amount of glue used will suffice. 

Glutinous Cements.— By glutinous cements, aro understood those whose base is a substance 
containing a largo proportion of gluten, such as the flour of wheat, rye, rice, &c. They are com- 
monly knowm as “ paste,” of which the chief varieties are the following; — 

Japiuusv The Japanese make a very fine paste from rice flour. The flour is mixed with 

a little cold water, and into it is gradually poured boiling water, till the mass has attained the 
proper consistence ; it is then boiled for one or two minutes. It is beautifully white and trans- 
parent, as well as very strong, and is consequently well adapted for fancy work requiring a colourless 
cement 

Ordinary -There are two distinct ways of making ordinary household paste (a) About 

a tablespoouful of wheat flour is mixed in a saucepan with say | pint of cold watoft the latter being 
added gradually and thoroughly incorporated by continua] stirring ; the vessel is then put ou the 
fire, and the contents are unceasingly stirred till they boil, great care being neoessary io prevfmt 
their caking or bumiug on to the pot ; (6) The water is first heated to hotting, and the flour is then 
added with constant stiiriiig ; to prevent the formation of lumps, the flour may be passed through a 
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fiiove, ad as i6 ensure its more equalile distribution ; agitation is co*' tinned till tbe heat has rendered 
the mass of the desired consistence, and, after a few moments* farther boiling, it is ready for use. 

To preserve paste from the attacks of insects, and to arrest its decomposition, it is well to add a 
small quantity of some antiseptic material, e. g. a few drops of carbolic acM, or oil of cloves, or a 
little powdered corrosive sublimate, camphor, or oolocynth. Thus treated, and placed in covered 
Tossels, it will keep fresh for years. The addition of salt or brown sugar has a similar effect in a minor 
degree. Paste which has become hard or dry may be softened by beating up with n little hot 
water. With the object of considerably increasing the strength of paste, bookbinders, paper- 
bangers, and shoemakers usually add powdered rosin to the flour, the proportion of or even i, 
of the weight of the latter; it is then known as ** bard pasto.’* Sometimes a teaspoonful of alum is 
mtroduced into each 1^ pipt of water, for the same purpose. 

Siarch Paste. — The best method of preparing starch paste is as follows. The starch is saturatfid 
with cold water in a mortar, to produce a thick paste free from olott ; into this, is then poured a 
small stream of boiling water, till “ starch ** commeuces to form, which is recognized by the mixture 
becoming transparent ; the remainder of the water is then added, the total requisite quantity being 
twelve to fifteen times the weight of dry starch used. Heating the mass is useless. The addition 
of a little alum to tl»e water lielps to preserve the paste. 

Cementing Compounds. — The cements hitherto considered may be called simple, in Con- 
tradistinction to the multifarious comj)ounds which have now to bo described. In the former, the 
adhesive virtue of one or more simple 8oli<l bodies is brought into play by the application, of water, 
or heat, or botli ; into the latter, is introduced a great variety of substances, some possessing 
cementing qualities, others serving only as carriers of the preceding, or as driers. These oonifwunds 
may be very conveniently divided into tw’o classes, to be called resj)cctively “resinous/* and 
“ non-reainous.” 

a. Pesinous . — Under the term “ resinous cementing compounds,” will bo ineluded all those 
profmrations which owe their cementing properties to the presence of a resin, gum-resin, or gum, 
such as common rosin, indiarubber, guttapercha, gum aiabic, &c. Compounds of this class are 
numerous, tbe best known being the following : — 

Bottle-corks, for. — The black bituminous cement used for b(jttle-coiks consists of pitch, hardened 
by the addition of brickdust and rosin. 

Chinese. — (a) For wood, glass, ivory, jewellery, and all fancy work : — finest pale-orango shellac, 
broken small, 4 oz. ; strongest rectified spirit (58 O.P.), 3 oz. ; (lig{‘8ted togetlier in a corked bottle 
in a warm place till dissolved, when the muss should have the eonsishmee of treacle. This is one 
of the best cements for repairing glass, china, &c. It is so strong that pieces of wood cut obliquely 
across tbe grain and joined by it cannot be made to part at the juncture. Throughout the fur Fast, 
it is used in joining bows, arrows, &c. ; the fluid is smeared over the faces to bo joined, a piece of 
very thin 'gauze is interposed, and tbe whole is pressed tightly tog(ither and thus left till tbe follow- 
ing day. Joints made with it will resist even the continual bending of a bow; it is invaluable for 
mending fishing rods, and similar articles. (6) Oban glass is nduced to a very fine powder, and 
passed through a silken sieve; tlie powder is ground with wliitf of egg on a stone slab, powdered 
glass being added till the required consistence is attained. It forms a very firm cement for glass 
and porcelain, vessels repaired with it breaking in a new place rather than at the joiid. (c) Shellac, 
8 oz. ; borax, 1 oz, ; water, | pint; the whole is boiled in a covered vessel till dissolved, then 
ova{)orated to the proper consistence. It dries slowly, but is cheap and useful. Druggists end 
oilmen often employ it instead of gum, for fixing paper hibels to glass or tin, where exposed^ 
damp. 

Cutlers*. — For fixing blades of knives in their handles, the hank of the blade is heated and 
pressed into the hole in the handle, which has previously been filled with one of the following 
compositions; — (a) Bosin, 4 parts; beeswax, 1 part; and brickdust, or plaslor of Paris, 1 part; 
(6) Bosin, 16 parts; hot whiting, 16 parts; and wax, 1 part; (r) Pitch, 4 parts; rosin, 4 parts; 
tallow, 2 ports ; and brickdust, 2 parts. 

Elastic. — Bisulphide of carbon, 4 oz. ; indiarubber in fine shre ds, 1 oz. ; isinglass, 2 drachms ; 
guttapercha, | oz. ; dissolve. Used for joining leather or indiarubber. Tlio pui ts must be thinly 
coated with the solution, which is left for a few minutes to dry, and then heated to melting; tbe 
parts are plaoed in close contact, and the air-bubbles are well hammered out. 

Ekctrical or Chemical Apparatus, for.~(a) A good cement for connecting the parts of chemical or 
electrical apparaius may be made by mixing 5 lb. rosin, 1 lb. wax, 1 lb. red oebre, and 2 oz. plaster 
of Paris, and melting the whole with moderate heat, (ft) Black rosin, 7 lb. ,* rod ochre, 1 lb. ; plaster 
of Paris, lb., well dried, and added while warm; then heate<l to a little above 100® (212® P.), and 
agitated toge^er, till all frothing ceases and the liquid rnns smooth ; the vessel Is then removed 
ftom tbe file, and tbe contents are stirred till sufilciently cool for use. 

Orindert*.--<o) Pitch, 6 parts ; wood ^hes, 1 part ; hard thllow, 1 part ; melted together, 
(ft) Black roem, 4 IK ; beeswax, 1 lb, ; melted; to these is added whitlt^g, previously made red hot. 
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an4 while giill warm, 1 lb. These are used for fixing pleo^ of glass, dco., whll^ grinding, 
(c) Shellac, molted, and applied to the pieces slightly warmed. Used for lenses afid fine work. 

Oum.— An aqueous solution of gum arabic and gum tragacanth gives A good cement vthich will 
keep for a long time. 

Impervious. — An impervious cement for apparatus, corks, &o., may be made by rubbing up aino 
white with copal varnish ; this is applied and loft to dry, then covered with the some material mixed 
thinner, and lastly with oot>al varnish alone. 

Indianite. — (a) Finely chopped iudiarubber, 100 parts; rosin, 15 parts; shellac, 10 parts; dis* 
solved in a sufficient quantity of bisulphide of carbon ; (6) indiarubber, 15 grs. ; chloroform, 2 02 . ; 
mastic, J oz. ; the first and second ingredients are mixed, and, when the rubber is dissolved, the 
mastic is added in pfjwder, and the whole is left to macerate for a weet These cements are used 
for uniting pieces of indiarubber. 

Indiarubber.-' (a) Virgin or native indiarubber is cut with a wot knife into the thinnest possible 
slices, which are then divided by shears into threads as fine as small twine. A small quantity of 
the shreds (say of the capacity of the Ixdtlo) are then put into a wide-mouthed bottle, and the 
latter is three-fourths filled with benzines of go(jd quality, and perfectly free from oil. The rubber 
^almost immediately commences to swell, and in a few days, if often shaken, it will assume the con- 
sist^ice of honey. Should it bo inclined to remain in undissolvcd lumps, more benzine must bo 
added; thinness may ho correettd by adding more indiarubber. A piece of solid rubber no larger 
than a walnut will make a pint of the coinent. It dri(‘S in a few minute s, and, by using throe coats 
in tine usual manner, leatlior straps, pahdies, rubber solos, backs of books, &c., may be joined with 
great firmness. (/>) Indiarubber, K grnis ; ehloroform, 000 gnns. ; mastic resin, 150 grms. ; the india- 
rubber is (lissolvid in the chloruforiu, the mastic is added, and the whole is left to macerate fo^* 
eight days, that being the time iieceesary for the solution of the mastic. The cement is applied 
cold on a brush, and is used for joining glass, (c) Very finely-divided indiarubber is melted at a 
temperature of 200” F.); as soon as fusion commences, one-fifteenth the quantity of tallow or 

wax is added, taking care to watch the heat and to stir without ceasing. Wl)on the mass is com- 
pletely molti <1, lime, slaked and sifte«l, is added in small iuHtalments, till it amounts to half the 
quantity of the indiarubber. The ceineut thus obtained is soft ; if the proportion of lime bo doubled 
the cement will bo harder, but still supple. Wnieu the compoiiud has acquired a suitiible con- 
sistence?, tiio fire is withdrawn, and the preparation is finished. This forms a good ocment for 
hormoticjdly scaling vosscils. It does not dry, and remains for a long time ductile and tenacious* 
but It may bo made to lutidon, if necessary, by a<lding 1 part of red-lead to the quantities indicated 
above, 

Ivrwy, or Motlier-of-Penrl, for.— Isingluss, 1 part, and wliitc glue, 2 parts; dissolved in water, 
80 parts; tlie solution is filtered, and evajnuated down to 0 parts; to this is added gum mastic 
Tib part, dissolved in alcohol, I i»art; and zinc white, 1 part. Wlieii required for use, it is warmed* 
and shakeu up. 

Jewoller8’.~(a) Gum nmHtie, five or six j)ieces as large as peas, is dissolved in as much spirits of 
wine as will suflice to render it liquid ; in a separate vessel, is dissolved, in rum or other spirit as 
much isinglass, previously softened in water and strained dry, as will fill a 2-oz. phial with very 
strong glue, adding n little gum gnlbaiium or ammoniaciim, w hich must be rubbed or gmuud till it 
is dissolved. Tht? whole is then mixed, under the iufiuoneo of sufficient heat. It is kept in 
a olomdy stopptired bottle, which is placed in hot water when the ei inciit is to be withdrawn for use. 
It will eflcctually unite imtst suhniunces, even glass to polished Ht(‘el, and is principully used for 
joining broken pieces of china and glass. (/>) The following is another 111(^0 of j)repuriug the same 
ingredients r—Isinglass, 1 oz., in dislilled water, fi oz., boiled down together to 3 oz.; to this is 
added stnmg spiiits of wine, l^oz. ; the mixture is boiled for a minute or two, and strained; 
while still Imt, it feceives, first, milky emulsion of gum ammoniacum, i oz. ; then, alcoholic solution 
of resin mastic, 5 clriu-hms. (<•) Shellac, melted and run into sticks as large as quills. Used for 
joining glass, earthenware, &c. ; the edges are healed suffioieutly to melt the cement, whioli is then 
nppUtHl, and the joint is lumle wliile the heat lasts, (d) Tears of gum mastic employed in the 
same way. («j) Sheila?’, 2 parts, Venice turpentine, 1 part; fused together and formed into sticks. 
Used as the preveeding. 

tulwls, for.— Gelatine, 25 grnmmos; sugar-candy, 50 grammes; gum arabic, 12 grammes; 
water, 100 grammes. Aitcr having maoeralod tbc gelatine in water, overnight, it is mixed with the 
sugtir and gum antbic in a porce lain vessel, and heated over a spirit lamp, with constant agitation 
KbttlUtion must bo cxmtiuued till the mass becomes quite fluid. The labels are coated with the 
liquid, and left to dry ; on moisUmiiig the coated surface, they will adhere strongly to glass and 
wikmI. 

UupidarW.— (rt) Rosin, 1 U>., is melted, and to it is added dry plaster of Paris, 4 oa. Make* a 
verj »troiig cement for rough purposes. (6) Eosin, tempered with beeswax «»d u little tallow, and 
burdened with whiting and red ochre, or Bpuuish brown. ’ 
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Leather, for.-~(a) Guttapercha disaolved in bisulphide of carbon, to form a mass of treacly con- 
siateiKJe. This forms a good cement for splicing leather. The parts to be joined most be thinned 
down ; a small quantity of the cement is then poured on each end, and spread so as to thoroughly 
fill all the pores of the leather ; the parts are warmed over a tire for a few moments, applied quickly, 
and hammered well together. To preserve this cement, it should be tightly corked in a bottle, and 
kept in a cool place, (b) Guttapercha, 1 lb. ; indiarubbcr, 4 m . ; pitch, 2 oz. ; shellac, 1 oz. ; 
linseed oil, 2 oz. ; melted together. It hardens by keeping, and needs remelting before 
application. 

Leather and Metal, for. — A cement for joining leather and metJil may be made by melting 
together equal parts of asphalt and guttapercha, and applying the mass hoi under a press. 

Marble, for.-^The following curious composition is reooinmen.led for cementing pieces of marblo, 
porcelain, or glass. About 100 snails are caught, and kept fasting for two months or less, taking 
care to clean ^ them occasionally. They aro then sprinkled with a little water to make them quit 
their shells, the excess of water being decanted as soon as they have come out. Thereupon is 
added a pinch of culinary salt, then the juice of four or five lemons, aud a drop of vinegar, and the 
whole is beaten up together. The snails give off their mucus, which is collected, and intimately 
mixed, in a mortar, with 8 grammes of gum tragacantb, then 40 or 50 grammes of garlic juice, t 
and 200 grammes of alcohol. The cement keeps quite opaque, aud may be coloured to suit the 
materials to be joined. It is applied cold ; but the joint must subsequently be exposed to the sun 
or a fire. 

“Marine Glue.” — (Jt) Finely shredded iiidiarubbcr^ 1 part; coal-tar (or mmoi*al) naphtha, 
12 parts ; digested in a covered vessel witli heat and agitation ; when the solution is complete, 
20 parts of powdered shellac aro added ; the lieating and stirring is continued till perfect lique- 
fhetien has tafeerf place ; the fused mass, wliilo still hot, is poured out on slabs of polislied metal 
or stone, so as to form thin sheets. For use, it is hoat< 1 to its melting-point, 120'^ to 121® (248® to 
250® F.), in an iron vessel, anB applied, in a liquid state, with a 1 rush. It is used by shipbuilders 
and others, (b) Indiarubber, 15 to 20 grains; chloroform, 2 fl. oz. ; dissolved; powdered mastic, 

1 oz., is added. The cement must bo kept well corked, and in u cool place, to prevent loss by 
evaporation, (c) Finely divided indiarubbcr, 1 part, is dissolved in naphtha oil, or crude naphtha, 
40 parts. The solution is not completed in less tlian ten or twelve days, and, in order to facilitate 
it, the mixture should be repeatedly agitated. To it, is then nd<lod gimi lac, in tlio proportion of 

2 parts by weight of lac to 1 part of solution. The compound is tlion placed in an iron vessel 
over a fire, and constantly tliinned till it becomes homogeneous. It is then poured on a cold 
surface, such as a slab of marble or a flag-stone, and left till cool, when it is broken up and put 
by for use. The indiarubbcr is sometimes omitted, in which case, the proportions will bo 1 part of 
naphtha and 2 parts of lac. When n^quired for use, the cement is heated at a temperature not 
exceeding IflO® to 110® (212® to 230® F.), in a tliick vessel of copper or cost iron, and is brushed in 
thin and oven layers on the surtoco to bo joined ; these arc then brouglit into close contaq^, and 
strongly pressed. If the surfaces are so wide that the cement iMjconies cool before the operation 
is finished, it is well to pass a hot iron — say at about GO® (140® F.) — over it. It is valuable, not 
only for repairing broken wood, but also for cementing the moulds used in foundries, for caulking 
ships, for joining blocks of marble or granito, and for uniting wood and iron. It can Iks made aa 
hard as desired, by increasing the proportion of lac. With the addition of bichloride of mercury 
dissolved in wood spirit, this cement might, with economy, replace the copper sheathing of ships. 
Wood, iron, plaster, and brick, to which it is applied, assume a varnished appearance ; timber is 
rendered free from the attacks of insects and from liability to rot, and iron is preserved from 
rust. 

Metal or Glass, and Wood, to join. — (a) Kosin is molted, and into it is stirred calcined plaster 
till the mass is reduced to a paste, to which is added boiled oil, in sufficient quantity to bring it to 
the consistence of honey. It is applied warm. (6) Into molted rosin, 180 parts, are stirred 
burnt umber, 30 parts ; calcined plaster, 15 parts ; boiled oil, 8 parts. 

Metals and Glass, to join.>-(a) Kosin, 4 to 5 parts ; wax, 1 part*^ colcothar, 1 part; the whole 
melted together. A little powdered plaster is often added. (6) Copal varnish, 15 parts; drying 
oil, 5 parts ; turpentine, 8 parts ; essence of turpentine, 2 parts ; strong glue, 5 parts ; slaked lime, 
10 parts ; mixed, (c) Sandraoh or galipot varnish, 15 parts ; boiled linseed oil, 5 parts ; turpentine, 
2| parts; essence turpentine, 2i parts;* marine glue, 5 parts; pearl white*^5 parts ; dry carbonate 
of lead, 5 parts ; mixed, (d) Copal or lac varnish, 15 parts ; drying oil, 5 ports ; indiarubber or 
guttapercha, 4 parte; coal oil, 7 parts; Bomim cement, 5 ports; plaster, 5 parts, (e) Copal 
or rosin varnish, 15 parts ; turpentine, 2^ parte ; essence of turpentine, 2| parte ; fish isinglass, in 
powder, 2 parts; iron filings, S parts; oobre or rottenstone, 10 parts. These cements, especially 
the first, are much used for fixing metallic letters to glass, marble, or wood. The two fdlowing 
are particularly good for uniting brass and glass : — (/) Caustic soda, 1 part ; rosin, 8 parte; plaster, 

8 parte; water, 5 parts; the whole is boiled. This compound hax^ns at the end of half an hour ; 
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the ImrdeTiing may be retarded by replacing the plaster by zinc white, white lead, or slaked lime, 
({/) Fine litharge, 2 parts j white-lead, 1 part ; copal, 1 part ; boiled linseed oil, 3 parts ; the whole 
is triturated together. 

Metals, W<x>d, and Indiarubber, to join. — Shellac is soaked in ten times its amount of strong 
liquid ammonia ; it takes about a month to completely dissolve. It has the effect of softening the 
surface of ipdiarubber before drying, and thus causes perfect adhesion. It is valuable for making 
stofwn-pipe connections with rubl>er washers. 

Naturalists*. — Consists of imioilage of gnm arabic, thickened with starch powder or farina, with 
the addition of a little lemon juice. Bometimes tho mucilage is used alone. This cement is 
employed by naturalists, for mounting specimens ; by artilicial flower makers ; by confectioners, to 
fiiick onmmenis on their cakes, &c. 

I’lumherR^~Bla<dc rosin, 1 piirt ; brickdust, 2 parts ; melted together, with the occasional 
addition of a little j)itch or tallow. It improve.s and grows harder eaeh time it is melted. Used 
by plund)crs and by seal engravers, for fixing pieces of metal while cutting, and for securing seals 
and tools in their hainllos. 

Bione, for .—(a) Riilphnr, 1 part ; yellow wax, 1 part ; rosin, 1 part ; the sulphur and rosin are 
*^mcltted, an<l the wax is then added. It is necessary to heat the surfaces to he united ; the cement 
is applied while still hot, and f)ressnrc isexertid till it is cold, (h) Powdered gum arabic, 2 parts ; 
finely ground while-lead, 2 parts ; pulverized sngnr-randy, 1 part ; the three substances are placed 
in a small holllo with a wide mouth, a little hot water is poured on them, and the whole is 
stirred by a stick into a honiog< ik^ouh paste. 'J’ho cement must be kejit in a closed vessel, and a 
littlo water may be added if it becomes dry. Before use, it must be well stirred, to prevent 
tho white-lead colU'ctiug at the bottom. It is emjdoyed for joining fragments of minerals, 
fossils, &c. * ^ ■ 

Htonewaro, for.— Ikjtany Buy (yellow) gum, 1 part ; briclcdust, 1 j)art ; melted together. Em- 
ployed for sUmewaro, eartlHunvur*.', Sect, 

Turners’.— (o) liosiu, ’ oz. ; i)itch, oz. ; beeswax, 1 oz. : meltod together; fine brickdust is 
then added, in suffleient quantity to produce the dtisired consistence. (^) Rosin, 2 lb. ; Burgundy 
pitch, 2 11). ; dri(‘d whiting, 2 lb. ; yellow wax, 2 oz. ; mixed and melted togeiluT. (o) Black rosin, 

J lb. ; yellow wax, 1 oz. ; imRi'd b>getber, and jwured into a tin canister. When required for use, 
as mucli is chipped out ns will cover the chuck to a thickness of in., and is spread over in small 
pieces, mixing with it one-cigbtb of its bulk <»f guttapercha iu thin shreds; an iron, lioated to dull 
rednoHS, is ibeu held (wct tin* chuck till tin*, wlnde mixture is li<|uid ; tho work is cluicked, and placed 
under a weight for half an liour, wluat it may bi‘ put into the latlui. (>/) Rosin, 4 parts; iiitcb, 1 
part; nudted; to ilu' mass, is addc'd luiclcdusl, till Ibo desired coiiHistonce is attaiiu'd. 

Wood and Metal, Glass, or Stone, join.— To a strong .solution of glue, is abided sifted eartli, till 
the mixture has the consistence of varni.sh. Tho mass i.s applied, while still hot, to the surfaces to 
bo uuitod, and the latter are tightly coinpreHS(Ml. 

/>. Ntm-rrsirwus . — Tho group of “ non-n'Miiious cemouting compounds '* embraces all those whose 
oomj)ositi(»n does not permit tliein to be ineludod in any of tin; preceding classes. With the excep- 
tion of pur<4y metallic coinonts, which have bemi already described ns Solders (see Alloys) this 
oonchulcs the list of cementing suhHtanc('a: — 

ArchitMtural.— Strong ric, e-water size is mixed with paper which has been pulped in boiling 
Water; whiting is then added, in suflleient quantity to produce tlic desired consistence. 

Beale’s.— (dial k, bO parts; lime, 20 parts; salt, 20 parts; BurriHey sand, 10 parts ; iron filings 
or dust, T) parts; blue or red clay, 5 parts ; ground tog<‘ther, and creleined ; patented as fireproof. 

Bruyere’s.— (liny, .‘1 parts; slaked lime, 1 part; mixed, and exposed for tliree hours to full red 
bout, tium ground to powdi r. Hydraulic. 

Building.— A mixture of clay or loam, brokmi pottery, flints, siliceous sand, or broken bottle- 
glass, and wood ashes ; exposed to cousitleruhlo heat iu a furnace till it partially vitrifies ; then 
ground to flue powder, sifted, and mixed with ouo-lhird its weight of finely powdered quicklime; 
nft(‘rwardM packed closely iu barrels, and preserved from air and moisture. For use, it is mixed up 
with water. ResemblcH Roman comout. ^ * 

CaHciuo.— Instead of dissolving coseine in an alkaline carWatc, Dr. Wagner recommends the 
use of a cold saturated solution of bonix, or an alkalino silicate, for the purpose. Tho Iwnicio' 
Bolutiou of oaseiuc is a ch^ar, viscous liquid, oxoeeding gum in adhesiveness, and applicable to 
many uses as a Buhstiluto for glue. The chief cement used in the island of Sumatra is made from 
tho curd of buffalo milk, prepan'd in the following way. The milk is loft to stand till all the 
butter has colleotod at the top. I’ho latter is then removed, and tlie tliiok, sour moss loft is termed 
the «mrd. This is squeezed into cakes and left to dry, by which it l)oeomea m hard as flint. . For 
use, some is scraix'd off, mixed with quicklime, and moistened with milk. It holds exceedingly 
well, even in a hot, damp climate, and is admirably adapted for mending porcelain vossola. 

Chiueso,— Bull(Kdc»' blood is mixed witli one-fifth its weight of It will scarcoly 
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keep longer than for se^ea or eight days, when the temperature is elevated. Per use, it is thinned 
by the addition of a little water. It is employed by bookbinderaf and trnnkinakers. 

Curd.— (a) Skiimne<l milk i& curdled by the addition ‘of vinegar or rennet, and is then beaten 
to a paste with powdered quicklime, (h) Ski]9imed milk, ^ pint ; vinegar, \ pint; mixed with the 
whites of five eggs; the whole well beaten, and sufficient quicklime added to form a paste. These 
cements are used for mending glass and earthenware ; they resist vmter, and a moderate degree of 
heat. 

Earthenware, for. — Grated cheese, 2 parts ; finely powdered quicklime, 1 port ; white of egg, 
sufficient to form a paste when the whole is beaten up togefher. 

Egg.— Consists of white of egg thickened with finely powdaiod quicklime. It does not with- 
stand long exposure to moisture, except after subjection to heat, It is employed to mend china, 
glass, alabaster, marble, earthenware, 

. Gad^s.— Olay, well dried and powdered, 3 parts ; oxide of iron, 1 part ; mixed together, and 
made into a stiff paste witlx boiled oil. Used for w^ork required to harden under water. 

Glass Flux. — Red-lead, 3 parts; fine white saud, 2parts; crystalli'/eil horacio acid, 3 parts; 
mixed and fused ; levigated, and applied with thin mucilago of gnm tragacanth. The edges to 
be united must bo hoated, so as partially to fuse the cement. It is used for mending broken 
china, &c. 

Glass and Porcelain, to join. — Starch, fiO parts ; finely pulverized chalk, 100 parts, are made 
into a mixture with eijual parts of water and spirit, with the addition of 30 parts of Venico tur- 
pentine, taking care to agitate tlie mass with a stick, so as to ensure its homogeneity. 

Glass, Wood and Metal, to join. — (a) Glue, melted with the least possible quantity of water, 
4 pai-ts ; Venice turpentine, 1 part. It well rosiKla moisture. 

* Glycerine. — A mixture of glycerine and pow’dered litharge. It hardens rapidly, and is useful for 
vessels containing volatile bodies ; it is also an excdlent cement for fixing iron on iron or stone, as 
well as for joining fragmonta of stone. 

Henslor’s.— Litharge, 3 jiarts ; quicklime, 2 parts : white bole, 1 part ; till finely powdered ; then 
a quantity of linseed-oil varnish is added, sufliciont to make a paste. This cement takes long to 
dry, but is very tenacious. It is used for clxinn, glass, &c. 

Iron Pots and Pans, for. — Sulphur, 2 parts; lino bluckicad, 1 part ; the sulphur to he held in an 
old iron pan over the fire till it begins to melt; the blacklcad is tlion added, and the mass is well 
stirred till it lias thoroughly melted and combined ; thim poured out on an iron plate or smooth 
stone, and, when cool, broken into small pieces. A sufficient quantity of tliis cement placed on a 
fracture in an iron vessel can be soldered with a soldciing iron. If a hole exist, it should bo first 
closed with a copper rivet, and the cement applied ov(‘r it. 

Labels, for.— (a) Corrosive sublimate, 125 parts; wheaten flour, 1000 parts; ahHintlio, 500 jiarts; 
tansy, 500 parts; water, 15,000 parts. This cement is iiscfiii for vessels whidi are Jeept in a damp 
place; the addition of the sublimate retards tlie destruction of the labels. (/;) Starch, 100 parts; 
strong glue, 50 parts ; turpentine, 50 parts ; the whfilo boiled * i water. Tliis cement dries 
quickly. 

Iveather and l^nstelxinrd, for. — Strong glue, 50 parts, is dihsolvod with a little turpentine in a 
sufficiency of water, over a gmitle tire; to the mixture, is added a thick pa.ito made with 100 parts 
of starch. It is applied cold, and dries rajiidly. 

Letter-fixing.— Copal varnish, 15 parts; drying oil, 5 parts; turpentine, 3 part.s; oil of turpen- 
tine, 2 parts; liquefied glue, made with the least possible quantity of water, parts; melted together 
in a water-bath; to this is added froah-slaked lime, perfectly dry and finely powdered, 10 parts. 
7'liis cement is used to affix metallic letters to shop-windows, &c. 

Marble. — Plaster of Paris is soaked in a saturated solution of alum, and then baked in an oven, 
just as gypsum is baked to convert it into plaster of Paris ; it is thou ground to powder. For use, 
it is mixed up witli water as wanted. It sets very hard, and will take a high polish. It is some- 
times used for uniting glass and metal. 

Marble, for. — Into a solution of chloride of zinc, sp. gr. 1 ’490 to 1*652, is introduced 3 per cent, 
of borax or sal-ammoniac; when this is dissolved, oxide of zinc, which lias been subjected to n red 
heat, is added, till the mass attains the desired consistence. 'I’his cement becomes as hard as marble, 
lihd may be used for moulding. 

Meersohaumt for. — (a) Garlic, crushed to fonn asort of dough, is nibbed over the surfaces of the 
meersohaum to be united ; the latter are then bound tightly together with fine wire, and boiled iii 
milk for half an hour. (f>) Quicklime is mixed to a thick cream with the white of an egg. These 
cements will also join fragments of glass or china. 

Metals or Glass and Wood, to join. — Strong glue is boiled with water, and thlekoniid with a suffi- 
cient quantity of sifted wood sawdust. It is employed hot, 

MetalUc.-— For joining metallic surfaces where soldering is inconvenient, recourse may be had to 
a composition formed in the following way : — Pure and finely divided itjopper, such m that obtained 

2 8 2 
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by therednction of f^tilphaie of copper with zinc clippings, 20 to 80 parts, according to the degi:ee of, 
hardness desked in the cement, dissolved in a sufficient quantity of sulphuric acid to make a thick 
paste ; with this is incorporated, by trituration in a mortar, mercury, 70 parts. The mass is soft, 
but hardens at the end of some hours. For use, it is heated to 100® (212® F.), and powdered in an 
iron mortar heated to 150® (302® P.) ; it then assumes the consistence of wax, and is harder in 
proportion as it contains more copper. It adheres strongly on drying. 

Porcelain and Glass, for. — Fresh i)oor cheese forms a good cement when dissolved in carbonate 
of potash or soda, and the liquid is evaporated until tho mass exhibits the proper consistence. On 
replacing tho alkaline carbonate by silicate of potash, a still better cement is produced, which is 
very oflfective for repairing glaws and (diiim. 

** Stick-all.’*— This is a solution of silicate of potash. Without the aid of any other substance, it 
will securely unite fragmeiiiH of stone, marble, wood, <fec.. and forms a valuable oemont for re}>airing 
statuary. It suffices to brush the surfaces with the solution, and to press them firmly together. 

Bhmemasons’.— Ch an river aaud, 20 lb. ; litharge, 2 lb. ; quicklira(', 1 lb. ; linseed oil, sufficient 
to fortn a thin paste. This cement is used for uniting fragmtmts of stone ; after a time, it becomes 
exceedingly bard and strong, 

ellnivcrsal.— Rkimmcd milk is curdled with rennet or vbiogar, the whey is pressed out, and the 
curd is dried as quickly as fjoasible by a gentle boat. When qnih' dry, it is ground in a coffee or 
pepper null, and trituraltMl in a mortar till it is n ilufod to a very fiiKi powder. This jwwdor is mixed 
witli 10 per cent, of new dry quicklime, also in very fine |)owd(‘r, and, to eveiy ounce of this mixture, 
is added r> or 0 grains of powdercfl camplior. 'J'be whole is well triturated together, and kept in woll- 
oorkod, wide inont, he'd )M^)ltlea. Wlien required for use, it is made into a paste with a little water, 
and applied immediately. It is employed to join glass, (*arihonwaro, &C5. 

Water, unalterable in. — (e) Good grey clay, 4 parts; black oxide of manganese, 6 parts ; lime- 
stone, redneed to powder by sprinkling it with water, 90 parts ; mixed, calcined, and powdered. 
(^) Manganese iron ore, IT) parts; lirno, 85 parts; calcined and powdered. Either of these coments 
requires to bo mixed with a Hitl(^ sand for use; thrown into water, they harden rapidly, (c) Fine, 
clean saiul, 1 cwt. ; powdc'red quicklime, 28 lb., bone ash, 14 Ih. Jlcaten up with water for use. 
(d) Quicklime, 5 parts ; fresh cheese, 0 parts; water, I part. The lime is slaked by sprinkling with the 
wator ; theroni»on it is passed through a sieve, and th(i fresh cheese is added. The latter is prepared 
by curdling milk with a little vinegar, and rt'jnoving tho whey. Tho oem(mt thus formed is very 
Utrong ; but itretjuires to be apidied immodiately, as it sets very quickly, (e) Frosh curd, as Ixjfore, 

1 part; quicklime, 1 part; Iloman cement, 8 parts. Used for joining stone, metals, wood, &c. {f) 
A paste composed of hydraulic lime and soluble glass. 

Lutes. (Fn., ; Geu., / uV/.) 

A lute is a tenacious and ductile conqiOHition, boconiing solid on drying, employed to secure the 
joints of vcssols intended to be subjech'd to a corrosive inlluonoe, such as beat, water, steam, acids, 
gases, and to prevent tho escape of liquid or volatile bodies. Lutes differ in their ingredients and 
modes of proparaium according to tho natnro of the Biibstunco to be confined, and tho degree of heat 
to be borne. 4’ho most useful are the following: — 

Acid-proof. — (<0 A solution of caoutchouc in twice its weight of raw linseed oil, heated, and 
mixed with an equal weight of piiieclay, yields a plastic mass which will long remain soft under 
cover, and never completely hardens, so that it may be easily removed at pleasure. It resists most 
acids and bears the beat at which sulphuric acid boils. (6) Melted caoutchouc alone will answer 
well for securing joints against ohiorino, and some acid vaiKmrs. (c) A mixture of china-clay and 
l)oiled linseed oil, in tho proportitms noe dod to protluoo the right consistence, (d) Quicklime and 
linseed t>il, mixed stiffiy together, form a hard cement, resisting both heat and acids, (c) A stiffly 
mixed paste of pipe-clay and coal-tar. (/') A cement which, according to Dr. Wagner, is proof 
against even boiling acids, may be made by a composition of caoutcliouo, tallow, lime, and red-lead. 
Tho CROutohouo must first be melted by a gentle heat, and thou G to 8 per cent, by weight of tallow 
added to the mixture while it is kept well stirretl; next, dry slaked lime is applied, until the fluid 
mass assumes a consistcuce similar to that of soft fiaste; lastly, 20 per cent, of red-lead is added, in 
order to make it harden and dry. (7) A concentrated solution of silicate of soda, formed into a 
paate with powdered gloss. (A) Rosin, 1 port ; sulphur, 1 part ; brickdust, 2 parts ; the whole is 
melted after careful mixing. This lute is proof against tho attacks of nitric and hydroohlorio ooid 
vai)Ours. 

Algerian.—* Wood-ashes, 2 parts ; lime, 8 parts ; sand, 1 part ; mixed, passed through a sieve, 
moistened with water and oil, and beaten up with a wooden mallet till the compound has acquired 
the right oonsistenoo. 

Almond paste. — («) Ground almond cake, from whioli the oil has been expressed, is mixed up 
with an equal weight of whiting, and made into a stiff paste with water. It soon beoomes very 
hard and tough. It is much employed for stills, retorts, Ac., where the heat does not exceed about 
160® (820® F.) ; it is capable of resisting the fumes of volatile oils, spirits, weak acids, Ac., for some 
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time. (&) Orouttd almond cake aa before (or linseed cake) is added to slarch iwato and gum- 
water. 

Aquariums, for.— (a) Plaster of Paris, 1 gill; litharge, 1 gill; fine white sand, 1 glU; finely 
powdered rosin, ^ gill ; well mixed, bottled ahd corked till require^ ; for use, it is mingled with 
boiled oil and driers till it is as thick as putty. It dries quickly, (6) Boiled linseed oil, litharge, 
and a mixture of red and white lead (the latter in excess), spread on a fiannel, and placed on the 
joint, (c) Glue, 8 oz.; dissolved in Venice turpentine,! oz. ; boiled together with constant agita- 
tion till the mixture is complete ; tho joints to be luted should be compressed for forty-eight hours, 
if necessary, (d) Gold-size, i gill ; ncd-load, 2 gills ; litharge, IJ gill ; silver sand, sufficient to make 
the mass into a thick paste ; sets in about two days. 

Bottle-corks, for. — (o) A paste composed of commercial silieato of soda and pulverized kaolin, 
with or without chalk, is applied to the corks and left to dry. (h) liosin, 1 11). ; tallow or suet, i lb. ; 

. molted together; sufficient colouring matter is stirred iu. (a) Ttosin, 5 lb. ; beeswax, 1 lb.; colour- 
ing, as last, (d) To 1 lb. of the last, is added finely {jowdi red dry whiting, 3 oz. ; powdered burnt 
ochre, 4 oz. (or rod bole, sufficient to produce desired red tint). (^) To 1 lb. of ?>, ov o, add ivory- 
black, sufficient to protluco black colour. (/) Bhmk pitch, (» lb. ; ivory-black, I lb. ; whiting, 1 lb. ; 
melted togeilier ; used in the same way as common sealing-wax on corks and 1 ungs. 

Brimstone.— Melted brimstone, cither alono or mixed with rosin and briokdiist. It is cheap knd 
tiscful. 

Cap. — (rt) Rosin, 5 lb. ; beeswax, 1 lb.; dried Venetian red, 1 lb.; melted together. (^0 Rod- 
lead and white-lead, ccpial woiglits; preferable to white-load alone, and may l)e depended on for 
any tomporaiuro up to 100^ (212° F.). Those lutes arc used for chemieul and electrical purposes, 
0 . g. connections of glass tubes, necks of balloons, &c., iu metal mountings. 

* Cfhenjical, — (o) Yellow wax, 4 parts; common turpoatimj, 2 parts; woll-driod Venetian rodi, 

1 part; molted together. Used as a temporary lute foi the ends and joints of tubes which are not 
exp(.>s6d to much heat, as is alkalimetry, &c. (l>) 81aked lime is heatc'ii up with white of egg; 
strips of linen are soaked in the mixture, and apj>licd immediately, as it dries very raj)idly. (o) 
Pulverized chalk, ^ part; ryo flour, 1 part; white of egg, a suflleioncy ; thi; wliolo is formed into an 
almost liquid mass, which is brunhod over strips of linen, and the latter are applied to the joint; 
an additional strip of linen is laid over them, and pressed with a hot iron, which dries the com- 
pound. 

C(>ppcrsmith8’. — Bullock’s bhxjd thickened with finely powdered quicklime. Must be applied 
prompfly, as it sets rapidly. Used uud<jr the e<lgeH and rivets of copper boilers, &o. ; it is cheap 
and durable, and suited for many other purposes. 

Crucibles, for. — A mixture of powdero<l clay and brick<lust, made up wilh water, or a solution 
of bomx. Used to joiu crucibles which are expo.se«l to a strong heat. When mixed up with borax 
solution, tliqluto becomes a compact vitreous mass in tho tire. 

Dihl’s. — A mixture of boiled linseed oil, litharge, and powdered china-clay. TJ»e whole, is made 
into a paste, and applied with a trowel. Tlu' surfaces of the j(jMit must previously he thoroughly 
cleaned and dried, or tho lute will not answer; it is usc-fnl in damp places. 

Iflugineers’. — (a) Grouml whitc-hiad is mixed with ns much md-lead ns will give tho mass the 
consistence of putty. (/;) White-lead ami red-lead in equal weights, a7ul boiled lium'cd oil, sufficient 
to produce the proper consistence. These coiupouinls are appUtid by smearing them on a washer of 
hemp, yam, &o., placed between metallio joints which are to be screwed uj). They also answer well 
for luting the joints between stones, c. g. in cisterns, &c., and dry as hard as stone. 

Pat. — (a) Clay i8jj|ricd, powdered, sifted, placed in an iron mortar, and iruTorjioratcHl with drying 
oil, added gradually, the whole l>eing well l)catcn up till tho maBs assumes the consistence of a fine 
paste. It should be preserved under a coating of oil, to pri vcnt it drying up. It resists the action 
of corrosive gases, but iuconvenieiitly softens by exiK>suro to heat, (l>) JMaster of Paris mixed with 
water, milk, or weak glue. Siamla a dull rod heat. 

Fireproof. — (a) Fine river sand, 20 parts ; litharge, 2 parts ; quicklime, I paH ; linseed oil, suffi- 
cient to form a thin paste. Acijuircjs a stony hardness, (h) Gix>d clay, 2 paids ; sharp washed 
sand, 8 parts ; horse-dung, 1 part; iuixcmI thoroughly, and tempered like mortar.* (<) Linseed, or 
almond meal, mixed to a paste with milk, lime-water, or staroli-pasto. Resists a temperaturo of 
200° (500° F.). (d) day is puddled with water, and to it is ailded the greatfist possible quantity 
of sand, which has been passed through a hair sieve ; tho whole is worked up in tho hands, and 
applied in coats more or less thick on vessels needing protection from tho direct action of the fire. 

Fireproof and Waterproof, — (a) Thoroughly dried and pulverized clay, 4 or 5 parts ; fine iron- 
filings, free from oxido, 2 parts; i>eroxide of manganese, 1 part; sea-salt, | part; borax, | part; 
well mingled, and rendered as hard as possible, then reduced to a thick paste with the necessary 
quantity of water, and perfectly incorporated. It must be applied immediately, and, after appli- 
cation, should be subjected to heat, gradually moreusing almost to whiteness. (f>) Bifted peroxide 
of manganese, 1 port; pulverized ziuc-whito, I part; oommorciai iK»lublc glass, sufficient to form a 
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ihin paste. To be used immediately, Tlieso lutes become very hard, aud presjBUt a complete resist- 
enoe to red heat and boiling wat^r. 

Glass, for.~(< 3 ) As a coating for glass vessels, to protect them from injury during exposure to 
fire, pipe-clay and horse-dung are made into a paste with water. This composition is applied by 
spreading it on paper; it is used by pi|)e -makers, and will stand the extreme heat of their furnaces 
for twenty-four hours without damage. (6) Shredded tow, or plumbago, is substijuted for the 
horse-dung. 

Iron.— A lute whioli is much used for closing the joints of iron pipes, and for similar purposes, 
is comiKJsed of the tuniiugs or borings of cast iron, which must Ijc clean and free from rust, mingled 
with varying proportions of sal-ammoniac, flowers of sulphur, &c. For use, the mixture is stirred 
up with just enough water to thoroughly moisten it ; and it is rammed or caulked into the joints 
with ordinary caulking tools, after which the joint is Ixdted together as tightly as possible. When 
the iron borings are very coarse, tlicy are pounded down in an iron mortar, and the dust is sifted off 
before use. The various proiKDrtions employed arc: — («) Iron borings, 5 lb. ; sal ammoniac, in 
powder, 2 oz. ; flowers of sulphur, 1 oz. ; water, suflicient to mix ; (6) Iron borings, l2 lb. ; sal- 
ammoniac, 2 oz. ; Bulphur, 1 oz. ; water, as in (a), (c) Iron borings, 7 to 8 lb. ; sal-ammoniac, 

2 oz. ; water, as before, (d) Iron borings, 4 lb. ; good pipc-clay, 2 lb. ; powdered potsherds, 1 lb., 
mafic into a paste witli salt and water. The formula (a) is that most commonly used for ordinary 
purposes ; but formerly much more sulphur and sal-ammoniac were employed. The strongest lute, 
perhops, is (c) ; but when the work is required to dry rapidly, as in the case of steam joints 
wanted in a hurry, thci quantity of sal ammoniac must bo slightly increased, and a very little 
sulphur mu.st be added. This addition causes quicker sotting, but reduces the strength. The 
power of those lutf*s is dependent upon the oxidation and consequent expansion of the mass, there- 
fore the less foreign matter.^ they contain, the bettor. Thf^y should bo made up only as they are 
required, as they spoil rapidly ; when containing much sulphur, they may become quite hot in a 
few hours, and combustion has bt'cn known to take place in them when left together in quantity 
for a night. The formula (d) produces a lute that becomes very hard when allowed to dry slowly ; 
It is very suitable for repairing cracks in iron boilers, tanks, &c. (c) Finely sifted iron filings, 

60 parts; finely powdered sal-ammoniac, 2 parts ; flowers of sulphur, 1 part. This pow^der is made 
into a paste with water, atid immediately applied; it soon sets as hard as the iron it is intended to 
lute. 

Laboratory. — This lute is composed of (iqual part.s of jiiteli, rosin, and tborougldy diiod plaster 
of Paris. It is used for the masonry of chlorine chamlKirs, sulphuric acid works, &c., and as a 
lining for casks containing ehloriile of lime. ) 

Mahogany, for. — (o) Ik'eswux, 4 oz., melted, and to it is added Indian red, 1 oz., and yellow 
ochre, suflicient to produce the requircfl tint, {h) jSlielluc, molted and coloured ae OO- These 
compouiidH are used by cabinet-inakers for filling up holes and craoks in mahogany furniture. 

Maissiat’s. — ludiariibbor melted, cither with or without about 15 per cent, of either beeswax or 
tallow ; ijuieklime in fine powder is gradually added ; and tlio heat is continued, uutil change of 
odour shows that cumbinution has taken place, and until a proper eonsistonoo is attained. It is used 
as fi waterproof and uirpro.of covering for casks. 

Marble, for. — Uum-lac is coloured to imitate the marble on which it is used ; sometimes the gum 
is mixed with marble dust passed through a silken sieve. It is used for 8k)i)ping ui) holes, cracks, 
and leakages in marble vessels. 

Mohr^s. — I]<pud parts of pulverized brick nud litharge are made into a paste with linseed oil. 
After application, a little fine sand is dusU'd over the lute, and it is dried in an oven. 

Oxychloride.— Zinc-wliite is mixcul with an equal volume of fine sand, and to it is added a slightly 
gK^ater weight of a solution of ferrous chloride of zinc of 1 -20 sp. gr. The whole is ground in a 
mortar, and the paste is applied to corks, after pressing them a little within the nock of the bottle. 

Plasters. — OO Plaster of Paris, baked and ground, acquires grf'at hardness and solidity when left 
for twenty-four hours, in contact with a solution of alum, and when, after drying in the air, it is 
Hubmitted to a sj^'oond Ixikiug. (6) Still bettor results are obtained by employing an aqueous solu- 
tion oontti-iuing ^Y) <^f borate and of cream of tartar ; the plaster, baked and in fragments, is 
plungeni into this solution until it is saturated ; then it is calcined, and pulverized, (c) A mixture 
of silicate of potash, 100 parts ; carbonate of jKitash, 27 parts; and water, 500 parts, may also bo 
used. 

Putty for Windows.— (n) A mixture of boiled linseotl oil, and whiting ; (b) the whiting is some- 
times replaced by white-kwnl, (c) Linseed oil, 1 part ; fine sifted sand, 10 parts ; finely |)owdered 
litharge, 1 port ; S|muish-white, 2 parts ; the linseed oil is boiled in an iron vessel, the sand and 
litharge or© added in small iwtions at a time. After some minutes’ ebullition, tli© fire is with- 
drawn, and the mass is ground in a mill, with the gradual introduction of the Bfiimish-whtte. This 
lute will hold in wootl, iron, and stone. Broken panes may bd imnoved by piUMilQg the point of a 
hot iron over the joint. 
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Red-lead.— -White-lead rubbed up with oil, 2 parts; rod-load, 1 part j it is used for tbo joints of 
gas piping, steam engines, and of pumps. 

Serbai— Sulphate of lead, calcined and ground, 73 pfirts ; peroxide of manganese, 24 parts ; 
linseed oil, 18 parts ; intimately raixetl. T3iis lute is soft, and will remain in that state indefinitely. 
For use, it only needs to be rubbed up between the hands. It may bo advantagoousiy employed in 
boilers, steam engines, &o. ; it sets perfectly, and does not soften muder the influence of boat, but, 
on the contrary, becomes very hard, especially if care be taken to pass a hot iron over the joints. A 
sudden leak may be stopped immediately, by applying some of this lute under a hot iron. It is 
preferable to red-lead. 

Bteara Boilers and Pipes, for. — (a) Dried and powdered clay, lb. ; iron filings, lib. ; made into 
a paste with boiled linseed oil ; used for stopping ci^icks and leak ^ in Ixiilers, stoves, &o. ((>) Liihnrge, 
in fine powder, 2 parts ; very fine .:.and, 1 part ; liine that has been allowed to slake sj>ontaneously 
. in a damp place, 1 part ; mixed, and kept from the ah* ; iiiiido into a paste wiHi boiled oil, and 
used to mend cracks, and secure steam joints, (c) Good liriseod-oil varnish ground with equal 
weights of white-lead, oxide of maugaueso, and pipe-clay. (J) Dry, powdered clay, 1 part ; clean, 
sifted iron filings, 2 parts ; acetic acid, sufficient, to make a paste. (< ) Dry, powdered clay, 8 to 10 
parts; iron filings, free from rust, 4 parts; peroxide of mangunoso, 2 ports ; sea-siili, 1 part; borax, 

1 part; water, sufficient to make a paste. (/) Sul})haf,e of baryta, 1 part; 2 parts; madd up 
with solutions of silicate of potash, and borax ; it resists a very liigh temperature, (i/) Finely 
powdered graphite, 6 parts ; chalk, or slaked lime, 8 piirts ; sulphate of baryta, 8 parts ; boiled 
linseed oil, 7 parts; the solid substances are mixed dry, tljon ground, and made into a paste with 
the oil. (A) Iron filings, free from rust, 50 parts ; flowers of siilpliur, 2 parts; pulverized hydro- 
chlorate of ammonia, 1 part ; these substances are mixed witli water or iiriiie, so ns to make a solid 
ft.nd*liomogcneou8 j)uste, which is used in tlie joints of steam boilers. The iiiie swells, becomes very 
solid, and perfectly closes the joints. (*) Iron filings, 't parls; h»am, 2 j)aris ; powdered sfludstone, 

1 part ; made into a paste with salt water ; bcicojues v(!ry hard on setting. (/) A thick paste, com- 
posed of silicuto of soda and iron tilings; tlio latter substance may be replaced by a mixture, in 
equal parts, of powdered oxide of zinc and peroxide of manganc.se. (/,) Santl, 84 parts; I'ortlaiid 
stoiie, 1G6 parts; litharge, 18 parts; pulverized glass, O'UO i>arts ; red-load, 0*45 parts; sub- 
oxide of load, 0*90 parts; the whole rubbed up with oil. 

Vulcanized Iiidiarubl)er. — For the joints of small ve.ssels, such as tiil) 0 s, espocinlly tlmsoof glass 
or earthenware, vuloaidzed indiaruljber tubing, slippcnl over the joint ami tied on both sides, will 
last for a long time. Flat rings or washers of the same suhstiaico are also good for still heads, &c., 
where the parts can bo screwed u]> tightly. 

Water-gutters, for. — Tar, 1 pai-t; tallow, 1 part; fmo brickdust, 1 port; the latter is warmed 
over a very gentle fire ; the tallow is added, then the hiickdust, and the whole is thorougJdy mixed. 

It must be npjdiod wdiile hot. 

Wood, Cracks in, for. — (<i) Slaked lime, 1 part ; rye iikniI, 2 parts; made into a pfisto with a 
Bufficiont quantity of Imseod oil ; (6) Glue, 1 jnirt, dissolved in ”'ater, IG parts; when almost cold, 
sawdust and prepared chalk are stirred in to the risquireil eousisumci! ; (i.) Oil varnish, thickened 
with a mixture of equal parts white-lead, rod-lead, lilharge, and elmlk. 

Wooden Vessels, for. — A mixture of lime, clay, and oxi«le of iron, separately calcined, and 
reduced to fine powder, then intimately mixed, kept iu a close vessel, aud made up with the requisito 
quantity of water when wanted. 

Zinc. — A solution of chloride of zinc at 50'^ to G(F Boaume', and powd(-red chloride of zinc, when 
mixed, combine to form the insoluble oxychloride of zinc wliicli solidities into a liard, white muss. 

(See Alloys; Asphalt; Bones; Pigments; Kosiuous Suhstuuces ; Varnishes; Wax.) 

CHICOBY, or SUCCORY. (Fa., CUkon'e ; Gkr., Cichoric, Wajtrart) 

The chicory of commerce is a product of the Chiconum intj/basj a }>lant of the dandelion family, 
closely related to the common endive. In its wild state, it is indigiuious to Great Biiiain, occurring 
most frequently in dry, chalky soils, and commonly by tbo roadsides. It is also cultivated in this 
country to a small extent ; there are about 800 acres of laud under chicory in Yorkdiiro, and about * 
50 acres iu Northamptonshire. On the Continout, its cultivation is much more general, und very 
large quantities are grown iu G^^nlany, France, Holland, and Belgium. With us, the plant is 
grown almost exclusively for its root ; abroad, the loaves also are utilized as salatl, and for oattle- 
fetxling. The leaves, too, on being treated like woad (see Dye-«tufis), yield a dye, which is 
extracted in some districts. Attempts have been made to introduot; this useful vegetable into the 
United States, iu Illinois, Long Island, California, and especially Wisconsin ; but the results have 
been universally unfavourable to its cultivation being followed, in spite of the heavy imi>ort duty 
on chicory brought into America. ^ 

Ctdtimtww.— The chicory plant thrives best upon a dry, de^, rich, loamy soil, with a clay 
subsoil ; heavy day, sand, and wet lands are unsuited to it. The seed, 4 -7 lb, to the acre, is sown 
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in drills, 10-15 in. apart. The time chosen is late March for a forage crop, May for a root crop. 
Such plants as run to seed must be pulled up, or they would spoil the market vcdue of the bulk. 
When well up, the young plants are singled out like turnips, to distances of 6-0 in. in the rows, 
and need thorough cleansing from weeds. Abundant manure is required, as the crop exhausts the 
soil very much. The harvest commences in September, and may last all through the winter. 
Each root must V>e forked up singly, otherwise portions will be left in the soil, and will reappear 
in the following year. When gathered, the roots measure 1-3 ft. long, and 2-4 in. thick, and 
should weigh about 3 lb. each. The yield is variously stated at 4-12 tons of the green root an 
acre; the value of the green root is 20.s,-.'505. a ton, and the cost of cultivation varies from 8/. 155. 
to 4/. lOs. an acre. The roots grown in England are said to be more woody than the Oont’mental 
produce, and attempted heavy cropj)ing is stated to impair the value of the root for grinding. 

Prejmratkfn , — In order to prepare the roots for market, they are washed, sliced up into small 
pieces in a luruip>cuttcr or similar machine, kiln-dried, and then roasted in iron cylinders, which 
are kept revolving after the manner of cotfeo roasters. In England, about 2 lb. of lard are added 
to every hundredweight of chicory while roasting; in France, butter is used. This imparts a 
lustre and colour rosembling coffee. After roasling, the roots arc spread out in boxes to cool, and 
when cold, are carefully picked over and ground tine in a mill. The ground chicory is bolted 
through sieves, and sorted into diff< rent sizes, the coarser powder being reground. The loss in 
drying amounts to 11) 80 p(jr (;< nt. of the weight of green root, and that in roasting equals 25-30 
per cent, of t,h(3 weight of dried root. 

The following analysis of ground chicory is from an American source : — 


Moisturo 0 ‘ 00 

Mineral salt 4*20 

Extractive substancos soluble in 

water 41*20 

Ilesi nous (gummy) extracts sol ublo 
in alcohol 5*22 


Dextrine (starcli gum) 6*12 

Saccharine mutter 11*36 

Caramel 2*10 

Cellulose (fibre) 19*10 

Carbon 1*18 

Empyronmutic oils 0*04 


Chieory is intensely bitt('r, possesses beating and debilitnting qualities, and is wholly destitute 
of any active princijde in the least analogous to those of coffee, tea, and other dietetic drinks. Dr. 
Hassull states that it acts hotli as an ap(‘rient and »i8 a diuretic; where any disease of the kidneys 
exists, it figgravates such tembmey, and i i somo instances leads to diseasG of those organs. A 
celebrated 'Viennes(' ocuU^t has duMaihed a form of hliiMlnes.s which he considers to be duo to a 
continual use of chicory. ) 

C.s('.s — 'J’he only nsc' to which chicory is applied in I hi.s country is for the adulteration of ceffee, 
its old uiediciiial Hppliciition liaving quite disappeared. In somo parts of tho Continent, notably 
lielgium, an infa8i(»n of chicory alone is largt'ly used as a Ix^vorage. Destitute as it is of any 
viduabJo principle, it is difiicult to account for the persistency with which chicory has been retained 
as an adiiUemnt of cofico, now for more than n century, to llio I'xcliision of almost every other mode 
of w>})histication. Tlui mixtur(3 of ehieory with coffee is even legalized to tho extent of 2 oz. of tho 
former wi(h 1(5 oz. of (he laltcr, larger proportions only being considered us adulUTution. Chicory 
is itself largely adulterated, the following suhatances Ix'ing most frequently used for the purpose: 
— Peas, damagi'd corn, &c., roastod, gr(»un<l, and coloured with Venetian red ; parsnips, turnips, 
a(*orns, oak bark, baked hreud, <*offee hunks, and many otln r substances. Tho most certain way to 
avoid the adulteration (»f coffee is to buy it in boiVy, always roinemboring, however, that patents (!) 
have boon obtained for muprc’ssing a mixture of grouml oofi'eu and chicory into the form of 
CH)fft‘(3 lu'rrii'H. A sinq»lo way of delecting tlu' im'seiiC/O of chieory in ground cofteo is to sprinkle 
a little of the snspi'eUd snbstanee on tlie surface of char, cold water in a glass; the coffee will 
lloat, while tho clucory will sink. The two should be separately removed for examination under 
the micToseope, wdieii the* difierence of Htructure at once becomes apparent. 

Mcrcuntik' and i^'tatistiad /nfonnntmi . — Tho import duties on chicory, imposed on the 2nd of 
May, 1872, are Uls. ^d. a ew*t. on raw or kiln-dried, and 2d. alb. on roasted or ground. The 
quantities inquu-ted, in 1878, wove (1) Kaw, or kiln-dried, 120,028 cwt., value, 76,586h ; of this 
quantity, D.VhM ewt. were entered for home consumption; the supplies wore drawn chiefly from 
Belgium (100,171 ewi.), llolhind (9099 cwt.), and Germany (4301 cwt.). (2) Rousted or ground, 
288,902 Ih., value, 3202/. ; of this quantity, 47,050 lb, were emtored for home oonsumption ; the 
supplies were liraw n chiefly from Belgium (171,383 lb.), Austria (40,210 lb ), Holland (10,021 lb.), 
Channel Islands (,0^35 Ih.) A comparison of the imports' for tho years 1874 to 1878, inclusive, of 
niw or kiln-dried chicory gives the following figures 



Cwt. 1 


Cwt. 

1874 

122,707 

1877 

109,207 

1875 

105,135 

1878 

m,628 

1876 

116,053 




CHLOEAL. 


683 


The quantities eacported in 1878 were £ 

(a) Eaw or kiln-dried — To all countries ‘ 694 cwt., value 622 

(5) Boasted or ground „ „ 270,7901b. „ 2968 


(<?) Roasted or ground in bond — To United Stafes . .. 818,447,, „ 8153 

„ n n Britisb South Africa 4^0,672 „ „ 5454 

„ „ „ „ Australia .. .. 34*2.466 „ . „ 8884 

)) M „ i> Other countries 114,407 „ „ 1262 

1,755,992 £ 18,753 

The cultivation and preparation of chicory is assuming large prooortions in the Australian 
Colonies, The consumption in England, as compared with that of coffe(*, is 3tM0 per cent. 

Bibliography, — * Our Fam|,. Crops/ John Wilson ; * Food and its Adulterations,’ A. H. Hassall ; 
‘ Coffee and Chicory,’ P, L. Simmonds. 

(See Beverages — Coffee.) 

CHLORAL. (Fr., Chloral; Ger., Chloral) Formula C^HOljO. • 

Chloral is a peculiar, oily liquid discovered by Liebig, in 1832 ; he obtained it by the action of 
chlorine upon alcohol. It is colourless, greasy to the touch, and possesses a pungent, otliereal 
odour. At 18®, it has a specific gravity of 1*502; at 94*4®, it boils, and distils over unaltered. 
It is soluble in water, alcohol, and other. When dissolved in a small (piuntity of water, it forms a 
semi-solid, crystalline mass of chloral hydrate, which dissolves readily in a larger quantity of 
lyater. 

Tiie preparation of chloral from alcohol is as follows : — A quantity of absolute alcohol is placed 
in a gluss-stoppercd retort, and dry chlorine gns is passed tlirough it. The alcohol should be cold 
at first, but afterwards heated gently, until, wlion raised to the boilijjg-point, the chlorine gas 
comes through unaltered, Tlie whole is tlion pcrmittcil to cool, when a stdid, crystalline mass of 
chloral hydrate is formed. This mass is gently hoated until it fuses, and is then shaken up with 
three times its volume of concentrated sulphuric acid. On the application of a gentle lieat, a layer 
of impure chloral rises to the surface ; it is removt'd, boiled for some time, and distilled with an 
equal volume of sulphuric acid ; it is finally mixed with quick-lime, and redistilled, in order to 
remove traces of hydrochloric acid ; the operation is finished when the surface of the lime becomes 
dry. The chlorine should bo introduced into tlio retort by means of a bent tube inserted in the 
tubulure. Another tube, which should be of considnablo lengtli, is connccUd witli the stem of the 
retort, in order to carry away the fumes of hydrochloric acid, and to permit tho volatilized alcohol 
and chloral to rccondense and flow back into the vess(d, 

Tho hydrate, CgHCljO * H-^O, is the more important compound, since it has lately roooived 
several apjdications in medicine. TliC following description of its preparation in quantity is 
given by Bquire : — 

Dry chlorine gas is passed for several days, through nl)S{)lut<‘ alcohol, sp. gr. 0*795, until it 
becomes a thick, viscid Ihpiid of sp. gr. 1*57. At tlm beginning of tho operation, the alcohol 
is well cooled, to prevent inflammation and explosion ; but towards the <‘.nd of tho ojieration, th© 
alcohol is heated nearly to the boiling-point. Tho rcsuUing lic^uid, which, after a day or two, 
becomes a solid mass of crude chloral hydrate, is agitated with four times its bulk of concen- 
trated sulphuric acid, and tho anhydrous chloral, which floats on the surface, is separated and 
purified by fractional distillation. The purified anhydrous chloral is idaced in a still, mixed with 
11 per cent, of water, and distilled over chalk, to remove any liydrochloric acid that may bo present ; 
the resulting solid distillate is then fused, and poured out into shallow vessels to oast into cakes. 
To obtain the hydrate in Uie purest form, it may bo dissolved several times in pure bisulphide of 
carbon, and recrystallized. 

Hydrate of chloral is a white, solid, crjstulline substanco having n pungent, agreeable odour. 
When dissolved in water, and treated with caustic jictfish, it deoomiK)8e8, forming chlorofonn and 
formiate of potash. When injected into the blood, it combines with tho alkali present therein, and 
the same decomposition occurs, chloroform being liberated in the systcun. It is, therefore, a 
powerful narcotic, and is much used as a sedativii and soporific. In I>r. Eichordsoii's rejrxirts on the 
physiological action of this substance, presented to the British Association in 1869, 1870, and 187J, 
he states that 90 grains will produce a d^cp sleep, and that 140 grains is a really dangerous dose. 
The ordinary dose, taken inU^mally, is from 10 to 60 graius. Its habitual use is much to bo con- 
demned, since, when taken constantly, it exerts a most injurious influoneo upon tho system, very 
similar to the effects produced by the habitual consumption of opium. 7’he use of chloral and 
hyiirate of chloral as anaBSlhetics was made the subject of a patent by Dr. Liobreich, of Berlin, 
in 1869. 
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CHIiOBINE. (Fn., Chlonne; Oer., Chior.) Symbol, Cl; combining weight, 35-0. 

Thi« important element was discovered, in 1774, by Soheele, a Sweiiish chemist- ' Its elementary 
character was first established by Sir Humphry Davy, in 1810. At ordinary tempera^ros, chlorine is 
a gas, having a ycdlowish-grcen colour (Gr. extremely pungent, irritating odour. 

It does not support respiration, unless abundantly diluted with air. Under a pressure of four atmo- 
spheres, at 15°, cldorine condeimes to a mobile, yellow liquid, having a density of 1*33. It has 
never yet been solidified. In the ordinary gaseous condition, it is two and a half times heavier 
than atmospheric air. Water <Usgolves twice its volume of chlorine gas, at ordinary temperatures, 
and a still larger proportion if the temperature is lowered ; at 0°, a hydrate may be obtained in 
oiystuls. The aqueous solution possesses the colour, odour, and other general characteristics of the 
gas. Olilorini' is a }x)werful bhiachiiig agent, and is largely used for this purpose in the form of 
bleatfiiing powder, or chloride of lime ; it is also very efftctivo as a disinfectant. 

(!hlorine is found widely distributed in nature, in the form of ^common salt, or chloride of 
sodium. This salt exists in enormous quantities in sea water, and in inland deposits, when it is 
termed rock-salt.” It also exists abundantly in combination with potassium, calciiun, ihagnesiuin, 
and other metals. It may bo obtained cither by the action of sulphuric acid upon a mixture of 
common suit and jx'roxide of manganoso, or of strong liydrochloric acid upon the peroxide alone. 
The former method is preforablo when the gas is re<iuircd in small (piantity ; the proportions used 
are four parts of common sab, three parts of the peroxide of uiangiinese, and seven parts of concen- 
trated sulphuric Jicid previously diluted with an equal volume of water. Tiiose are intimately 
mixed, and the mixture is placed iu a fiosk and heated gently. Owing to its extreme solubility, tho 
gas cannot be cr>ll(!clod iindor wah r; it is best collected by downward displacement. 

In, tho rneHiod ein])loyed in alkali works for the gfuieration of chlorine gas on a largo sciile, 
for tho manufacture of bleaching i)ow<ler, hydrochhu'ic sicid, Imving a specific gravity of 1* 1,5, is 
gently heated with tho powdere<l p('roxi<lo, chlorine gas, cliloride of manganese, and W’ater being 
formed. 'Ihe details of tho manufacture of chlorine, on a commercial scale, by this method liaye 
l>cen sot fi)rth in tho article on Bleaching Bowder, to which tho reader is referred. 


OHLOROMETRY. (Fr., Chloronu'tric ; Geu., Chlorhcstfmmumj.) 

Chlorometry signifies the methods by wliieh the amount of free or available chlorine gas, con- 
tained in hh'uehing powder, and other disinh'cting and hleaehing agents, is determined. Commercial 
bleaching powder eonsists of a mixture, in variable ]»r()}>oi lions, of h} droeJdorite, chloride, and hydrate 
of lime; it is valiu'd ainl sold in this e(nintry ty the piTcaadage of available chlorine. Tliis pereent- 
ago is usually d<'torniin< (l by a j)r<H!ess kn))wu as Feiiot’s method, first projjosed by Gay Lussao. Jt 
depends upon the fact that arsenious acid in solution is oxidized, by fre(‘ cliloriue, into arsenic acid, 
the end of the nnetiou being determined by iodide of potassium and starch paste. 

Tlio ars(!uious aeid is ('inployed in the foim of an alkaline arscaiite, and is prepared in tho follow- 
ing manner Dissolve 4*95 gnu. of the purest siihlimed arsenious unliydride, free from suljdude, iu 
about *250 cc. of distilled water in a fiask, with about 25 grm. of the purest crystallized earbonato 
of soda, free from sulphide, hyposulphite, or sulphite. Tho acid shonld bo finely jmwdored, and 
the liipiid moods boiling and shaking for some time, in ordc'r to complete the solution. When 
the arHonio is entirely dissolved, tho solution is allowed to cool, and diluted cart'fully to 1 litre. 

Tho solution used to d(5tcMnlno tlic end of the reaction is prepared by boiling 1 part of eleaii 
starch with 150 or 200 parts of water, adding a small quantity of iodide of potassium, and allowing 
tho mixture to cool. Slijw of ordinary filtt'ring paper are jjioistened with this solution, as required, 
and used w'hilo still moist, when it is farmoro sensitive than the dried paper recommended by Benot. 
The ofkirjdion of testing is thou pcrfornuHl us follows ; — 

The sample of bleaching powder is well mixed; 3*55 grm. arc w^eighod out, put into a small 
mortar, a little water is added, and tho mixturo rubbed to u amooth cixiain. More water is then 
stirred in with tho pestle, allowed to settle for u few moments, then })ourod off into a 250 cc, flask, 
the sediment is again rubbed with water, poured olT, and so on, ropcutedly, until the whole of the 
j>owdor has been conveyed into the fiask without the loss of a particle, and the mortar and pestle 
have been washed clean. Tho flask is then filled lo tho containing mark with water, well 
Bliaken, and 25 co. of the turbid liquid is taken out with a pipe, and transferred to a beaker with a 
little distilled wat(‘r. Tho nrsenious solatium is then run in from a burette, until a drop of the mix- 
ture, taken out upon u glass rod ami bruugiil in contact with tho moist 8tarch-pai>er, gives no blue 
coloration. Towaitls tho end of the operation, tho arseiiieus acid must bo introduced drop by drop 
very cautiously, until tho colour is just discharged. 

Tho following table shows a comparison of the English and French chlorometrie degrees. Tho 
French degrees indicate how many litres, at 0° and 760 mm,, ore yielded by 1 kilo, of bleaching 
tx)wder ; while tho English degrees, which ar© also used in Germany, Eussia^ and America, ahdw 
ilic porcoutag© of “ active ” chlorine : — 
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French 

Degrees 

.Engflrti 

D^ees, 

French 

Degrees. 

English 

l>egree«. 

French 

Degrees. 

4 English 
‘ Degrees. 

French . 
Degrees. 

— 1 

63 

« 

20*02 ■ 

80 

25*42 


30-83 

113 

35*91 

64 ' 

20-34 

81 

25*74 

98 

31 -.4 

114 

36*22 

65 

20*65 

82 

26*06 

99 

31*46 

115 

36*54 

66 

20*97 

83 

26*37 

100 

31*78 

116 

36*86 

67 

21-29^ 

84 

26*69 

101 

32*09 

117 

37*18 

6.3 

' 21*61 

85 

27*01 

102 

82*41 

118 

57*50 

69 

21*93 

86 

27*33 

103 

82*73 

119 

37*81 

70 

22*24 

87 

27*65 

104 

3.3 ‘0.5 

120 

38*13 

71 

22*56 

88 

27*96 

105 

3.3*36 

121 

38*45 

' 72 

22*88 

89 1 

28*28 

106 

33*68 

122 

38-77 

73 

23*20 

. 90 

28*60 

107 

34*00 

123 

39*08 

74 

23*61 

91 ' 

28*92 

108 

34*52 

121 

39-40 

75 

23*83 

92 

29-23 

11)9 

31-04 

125 

: 39-72 

* 76 

24*15 

93 

29 -.5.5 

no 

54-0.7 

126 

40-01 

77 

24*47 

94 

29-87 

111 

35*27 

127 

40-56 

78. 

24*79 

95 

30-19 

112 

35*59 

i28 

40- 6-^ 

79 

25*10 

96 

30-51 






CLAYS. (Fr., Glaise ; Geb., Thon.y 

Clays may be defined as hydrous silicates of alumina, iriitigled with more or less minenil im- 
purities, and coloured by metallic oxides and organic maiters. Usually they tiro soft, 8ectIh^ and 
plastic, emitting, when breathed upon, a peculiar odour,. known as ‘‘ argiUuciams/' Tli^ y chiefly 
occur as superficial deposits in river valleys, estuaries, dried lake beds, or in glacial drifts. Soino 
of those found in the Tertiary formation are sulficicntly plastic for use ; but the beds of the older 
formations, except a few in tlie Carboniferous, Lias, and Oolite, are found to liavc acquired a slaty 
texture. There tire several distinct varieties of clay, each possessing characteristics which fit it for 
a particular purpose. 

Brick-clay. — Clays fitted for the manufacture of ordinar.y briclcs, tiles, drain pipes, &c., are 
widely diffused; but the most important and exlcmive beds arc tliosii of the glacial or immediately 
post-glacial period. These clays arc usually of fine texture, and coloured rial, bliic, grey, or yellow, 
according to the character of the formation whence thoy aiv derived, tlie colour being always duo to 
the presence of foreign matters. Kstuary silts, tln^ T ‘rtiary systom, and the ontiTops of the argilla- 
ceous beds of older systems also yield (Mm8id<5rablo ijuantities of brick -eluy. It ooiisists of a coarse 
ajid irregular admixture of silicate of alumina — pure clay — with sand, iron, linui, alkalies, and a 
few accidental impurities. Analyses of four varieties of good briek-cliiy from Dunfermline, Durham, 
Tullarone, and Portohclhi, reveal th<! following proportions of tJio j^riiu'ipal ingredients : — Hilioa 
and sand ; G'l'H, Gl'Ofi, GG* Ifi, ; aluiinna : L'l'.*)!, iG*08, 25-50; oxide of iron, 7*57, 

G-75, 8*38, 8’OG; lime, I’fiO, 5*50, 1*88, 0*08; potash and sod.i : 1-54, 2-85, 1*85, 1-54. TJio 
clay must be free from large atones ; but u considerable ipiaiiiiiy of stuul is not objectionable, some 
clays containing so much as to bring the total percentage of silica up to nearly 1)0. An excess of 
iron, lime, or alkalies is liable to make tlio clay run into a glass during the jirocoss of baking. 
Before manufacture into bricks, &o., the clay undcrgoc-s a “ teniperijig,” or exposure to the weather, 
especially to frost, which much improves it. It is thou carefully ground, and mixed with water, 
after which it is left to dry. 

China-clay.— This substance is also known as Kaiylin, porcelain clay, and Cornish clay. It 
arises from the natural decomposition of felspar in soft disintegrating granite, gneiss, and porphyry; 
the rocks which are rich in soda-folspar yielding it most abumiantly. ’I’he main supplies of this 
country arc derived from Cornwall and Di-vou ; in continental Kuroi)e, hods of good quality exist 
in France, Bavaria, Saxony, Prussia, Bohemia, Bornholm island, and Hungary; in China, it is 
very plentiful; and in the United States, it occurs in many localities. 

The approximate composition of china-clay may be stated as silica, 47*2; alumina, 89*1; 
water, 13*7 per cent. Often a little iron, lime, and i)otash or soda are loft in the prcj>ared article, 
by the imperfection of the cleansing process. The most imix>rtuut characters are colour, plasticity, 
and a capacity for liardeniug under the influence of heat. 

The china-clay industry of Cornwall Hud Devon has l)een admirably described by J. II. Collins, 
F.G.S., In a paper rooeully read before the Society of Arts. 

OccMmnwxf.— The natural clay rook is almost always covered with a thick layer of stones, sand, or 
impure and discoloured clay, known as ** overburden,*' This capping olten much resembles glacial 
drift ; but it never contains any scratched or glaciated stones, or travelled blocks. It varies in 
thickness from 3 ft. to 40 fi, and must* of course, be removed befo*^ the clay can be wronght. The 
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clay took, being a decomposed granite, consists of china-clay, irregtilar crystals of quartz, aud flakes 
of mica, with sometimes a little schorl and niidecomposed felspar. 

Extraction and Preparation , — The following descriptions apply, with more or less accuracy, to a 
majority of the larger works of the present day, turning out from 2500 to SOOO *tanfl of clay each 
yearly. Two somewhat different methods are employed, according to the situation of the “ bed” 
of day, in relation to the surface contour of the immediate neighbourhood. The most general case 
is that in which the clay has to be raised from a veritable pit, the bottom of which is lower than 
the ground on all sides. The exact situation of the clay is first determined by systematic 
“ pitting,” to a depth of several fatljoms, or occasionally by boring. A shaft is then sunk either in 
the clay itself, or, preferably in tlie granite close to the clay. From the bottom of this sliaft, a 
level is driven out under that part of the clay whicli it is intended to work first, and a “ rise ” is 
put up to the surface, whicli slimild, by this time, be partially cleared of its overburden. A 
common depth for such a shaft will bo from ten to twelve fathoms. As soon as the rise is completed 
to surface, a “ buttou-holo ” launder is placed in it, and the remainder of the rise is again filled up 
with clay. In the meantime, a column of pumps has been placed in the shaft, tvith an engine to 
work them, unless water-powi'r is obtainable. 

♦ For water, mouy works are almost entirely dopemlcnt upon that met with in sinking the shaft 
and in driving levels ; but, of course, this may b(‘, and is, eked out by catching the rain-water in 
reservoirs, ami by making use of Hiich small streams as may hiijipon to be available. A small 
('oustaiit supj)ly is sunic-ient even for a large work, as it is list'd over aud over again. The operation 
is bi'gun by digging a small pit in tint clay, around the upper on<l of the button-hole launder, and 
running a stream of wab r ovei the exjuised clay, or “stojie,” which is broken up with picks. A 
very largo quantity of sand is constanlJy distnrlxid, and ns constantly sliovellcd out of the way, 
wbili' the water, liolding the clay and finer impurities in suspt'nsion, runs down the launder, tilorig 
the level, and into the bottom of the sliaft, from whence it is pumped up by the engine or water- 
wlnx'l. 

As the exenvation becomes lurgtT and deeper, more overburden is removed, and the upper 
jK'rtioiiH of tho launder are taken away, until at last the stojies reach the level, whou the launder is, 
of course, no luugcr rcquire<l. At first, tho sand is thrown out by one or two “ throw’s,” but very 
soon it becomoH necc'ssary to jmt in an inclim*d road, for pulling up the sand in waggons; those 
are worked by a horse-whin, or by winding gear attaclied <o the engine or watcr-whoel. As there 
are from three to eight tons of sand to I'acli ton of clay, ils removal, in tho clieapest possible munnor, 
is a matter of great imjtortaneo. Any veins or huhis of stone, or discoleured portions of clay, are 
raised from the “ botPuus ” in the same way a) the sand. 'I’lie stream of water, holding in suspension 
clay, lino sand, and mica, is, in well -arranged works, lifu d at onec^ high enough to allow of all 
Hubsi'quont operutioriH heiiig carried out hy the aid of gravity. J'lie stream is first led into one or 
two long channels, the sides of which are built of rough shme. In thesis cliunuels, called “ drags,” 
the current sutTerri a partial clu ck, and the tim; sand and rougher particles of mica are deposited. 
From thest! drags, tlie stream passes on into other channels much resembling them, but of greater 
numliiM-, so as to divide the stream still furtlier. This secoml series of cliajnuds, known as “ micas,” 
are often built of wood, but somclimes of ntono. Tlioy ditfer in no essential respect from tho drags, 
but are morvi oarivfully coustrucled and bcU(*r l(x)k<‘d after, and, as tho stream is greatly divided 
aud very gentle, the line mica is ih posited in them. Tho micas arc often alK>ut 11 in. wide, ten or 
a dozen ill numlier, and 1 00 ft. or mori‘ long, Frovisuui is made, hy imder gy und ohannels and 
plug h<»h'S, for tlio iH’riodieal cleansing of tho drags and micas. This may have to be done tw ice 
a day, but gein'rally only once. ThtMhi}M>>it in the drag.s is worthless ui jiresenb and is always 
thrown away ; but that from the micas is often saved, aud sohl as inferior or “ mica” clay. U'he 
rellnoil striMim of clay then passes on to tho “ pits,” which are circular, 30 to 40 ft. diameter and 
7 to 10 ft. duel). Those pits are built of rough masonry, and have an outlet at tho bottom, opposite 
the i>oint at which tho stream of elay-water is adirntU>d. This outlet is stopped by a gate or 
“ hutch,” or by a plug, aud is kept closed until tlio pit is full of clay. In each outlet, however, is 
fixed an upright laimdor some 4 in. square, provuled with “ pin-holes ” and wooden pins set close 
togedhor. As the stream of clay enters on ouo side, it is constantly depositing its burden, and tho 
water is as constantly ilrawu off nearly or quite clear from tho pjn-Jiolos, the pine being put higher 
and higher ns the clay rises in the pit. The effluent water is conducted directly to small storage 
reservoirs, and thence over tho clay stopcs, whence it does its work over again. When the stream 
of clny-water enters tho pits, it contains from 1 4 to 3 per cent, of clay ; and whut is called a good 
washing stream will carry alwut one ton of clay an houi*. Wlien the pit is full, tlie ” hatch ” is 
clmwn, and the clay is “ lauded ” into ilio tank. The upper portion is suffioiontly fluid to run in 
of itself; but that near tho bottom has to be holjKd out by men using “skivers” of wood or 
iron, which resemble largo hot>6 ; Uicy are assisted by a small stream of water. The tanks are 
oomiuouly, but not always, rocbvugular, built of stone, and paved with stone at bottom, often 60 ft. 
by 30 by 6, or larger. Once in the tank, the clay is left to soUle, unta it has the oomdatency of 
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cream cheese, the wfeter being drawn oflf from time to time ; it is then ready to be irainmedi into 
the “dry” 

The dry is a large builciing erected in immediate proximity to the tanks. It is always eoraposed 
of two parts, the dry proper and the “ linhay,” The floor or “ pan” of the dry is composed of fire- 
clay tiles IB in. square, ^ or 6 in. thick at the Are end, ani gradually thinning off to 2 or 2^ in. at 
the stack end. The flues are built of fire-brick about 14 in. wide, 2 ft. doop at the lire end, and 
9 in. deep at the stack end. Each flue should be supplied with a dainjKir. The furnaoes ere built 
in and arched over with best fire-brick ; the fire bars run longitudinally, and are alx)nt 6 ft. long. 
The grate surface is about 2 ft. 6 in. wide in front, and 4 ft. 6 in, t 6 ft. at back,’ according as each 
furnace supplies three or four flues. The clay, brouglit in from the tanks in tram-waggons 
holding about half a ton, is tippwi on to the tiles, and spread in a layer from 9 in. thick at the fire 
end to 6 in. thick at the stack end. The fire end is loaded and cleared every day; the other end 
perhaps twice or thrice a week, according to the length of the dry, thickness of tiles, ptjrfection of 
draught, &c. An average size for a first-class dry i8 perhaps 15 ft. wule and 120 ft. long; but 
some have been constructed considerably larger than this. The pan of the dry should be (i or 8«ft. 
above the linhay whenever possible, so as to afford storage space for tlio dry clay, without 
expending labour in piling. The tiles should be as porous ns possible, for \('ry much more wf^ter 
passes through the tiles and into the flues than is driven upwards in the state of steam. 'JMie 
tcimperature should never be allowed to rise so high that the workmen cannot walk on the tiles, 
otherwise the clay may become baked and damago<i. 

In cases where there are no means of artificial drying, ns at some old-fashioned works, the tldck 
clay is at once transferred from the original settling pit to shallow doproshions in the groiirnl, called 
pans.” Ten or. twelve of these, each holding from 40 to 50 tons, should bo })rovi(l(‘(l for each 
sottlfiig pit ; they measure from 20 to 40 ft. square, and 2 ft. deep, and nrc cnehised by granite walls, 
the intersticxis of which arc rendered impc'rvious by plugging with moss. The clay, Idling two- 
thirds of their depth, is hero left (‘xposctl to tlic sun and wind, by wlnclj it is i)artiidly d(q)rived of 
its moisture. In order to complete its desiccation, the clay is removed from tlio pans, after three or 
four months’ exposure. A number of purnllol incisions nro made lengthwise in tljo clay, by means 
of a knife attached to a long handle; Iho strips arc next divided transv(*rs(;ly, by men with spades, 
who throw the blocks on to a board, upon which they are borne by wonjen and children to tli-e 
sandy drying yard, where, in fine summer weather, they soon become dry. They are then collected, 
and piled away in sheds, under a number of thatched gates or “ reedors,” or arc placed in some 
sheltered jwsition, where air can circulnto around tliem without their becoming wot from rain. 
When required, the blocks are scraped by women arhied with hoes, before being dc8j)atebed from 
the works. The tran8i)ort is often efleeted in snndl casks, holding about ludf a ton. A few years 
since, a machine for drying china-clay was invented by a mechanical oiigineer, named LeojKildo 
Henrion, of Sampierdactmn, near (iciifui. It is said that, by itsaise, the operation can be effected in 
a few hours, at a relatively small cost. 

Collins was first hd to adoj)t his arrangement in oonscqneii' e of the formation of the ground; 
but he is inclined to rocommciid it in most cases if pructicabi Very large quantities of stono 
are required in the dry pita, tanks, &c. Very often this is got, in jiart or entirely, in the process 
of excavating the pits, &e. ; but if it cannot be so obtained, a very serious expense will bo 
incurred, in some instances amounting to several thousand pounds. The total cost of tlio works may 
even be doubled this cause, if stone lias to be fetclied from a distance of several miles. Two 
modes of building Wth rough stone are adopted ; they are known as “ lime building,” and “ dry stone 
walling,” The first needs no special remark, but the second is very ingenious and very effectual. 
The wall is built up double, with a batter of about f in., or 1 in. to the foot. Moss is placed 
between the joints of the wall, and the space between is filhd in with sharp sand, the refuse of 
that or some other clay works. A simdl stream of water is then made to flow over the sand, which 
is well btsaten in with rammers, or by treading with the feet. Tiiis process is continued, n foot at a 
time, till the wall reaches the required height, when it is either paved with rougli sloncfi set on 
edge, or turfed. A wall properly built, in the manner just describc^d, is quite impervious tn 
moisture, and will stand for fifty years or more. It is, where the proper kind of sand is abundant, 
much cheaper than lime walling, and is always preferred for the walls of pits and tanks. 

Where the bed of clay is situated on a hill-side, with plenty of space below, a funnel is driven 
in from the bill-side or from the valley to the required depth, and a rise is put up as before. This 
rise is then divided off into two parts. In the smaller, a button-hole launder is placed as before, 
and packed around with clay ; but the lafger is left open. A stream of water, obtained by pumping 
or otherwise, is made to run over the stope, and down the button-hole launder. It then flows along 
a launder placed in the bottom of the level, until it makes its exit in the valley. It may then be 
purified, settled, and dried exactly as already described — the works being laid out at a lower level 
than the adit; or, if the clear water is wanted to flow over the stope, or it is, for any reason, 
necessary to place the pits and tanks at a higher level than the stopcs, the water is pumped up 
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affcer partial or ooraplcyte ptirificatioft. The main difference in this mode of worBing la that, instead 
of pulling the sand and rubbish up over on incline, it may be tipped down the p^s into waggons, 
run out through the level, and tipped over tho hill-sides. In oases where water is abundant, it 
may even bo washed out at night, thus saving the expense of tramming. Of course, when the 
workings have reached their full depth, the rise and the launder are dispensed with, and the adit 
level commniucatcs directly with tho “ ])ottoms/* By this mode of working, a considerable economy 
may be effected, especially when it is not necessary to pump the clay water for settling or 
repeating. 

Usns.— The flrsf use to which china-clay was applied was the manufacture of porcelain, and this 
is Biill popnlnrly Ijolievod to bo its solo aj)plicution. Tiiis, bowovor, is by nO moans the case, 
probably liltlt* more thnn one-tliird of llie clay now produced is so employed. Large quantities are 
used by blond »ors, for filling up tho pores of calicoes as a dressing, and still larger quantities by 
paptr-inakers, to give “body ” and weight to the paper, especially to printing papers. The manu- 
Incturcs of alum, sulphate of alumina, and ultramarine, consume very large quantities annually. 
Brnall (pianliii(;B mk; taken by photographers, manufacturing cliomists, and colour-makers, fbr a great 
variety of purpose's ; and, if reports are to be believed, it has bt^en devoted to tho adulteration of 
tloqf and of artificial manures. Bhould low prices bo maintained, its use will, no doubt, be still 
more largely extended, in directions as yet unHuspocted. The use of china-clay in the sizing of 
calicoes and other goods appcfars to have a very objectionable feature, apart from tho question 
of fraud, iniismudi as Urn dust created, and the materials used to make tho clay adhere to the 
warps, j)roiluctivo of serious illness in tho weavers. For further information on this subject, 
the roialor mny n ler to tlie ‘ Journal of the Society of Arts,* vol. xx., pp. (125, 0*90. 

Cost (»f the conditions of prodtiction vary so greatly, tliero must necessarily 

be gn'at diffcie.u<3es of cost; but, after having been at some pains to detonnine the cost uhdor 
avoragi'. conditions, Collins thinks tho following figures and staioments may bo relied upon. A 
work cafiablo of producing say 4000 tons of clay yearly will cost from 2500/. to 5000/, To get the 
clay in tho linhay ready for tin? market, will cost about Ob*, a ton, of which about 25 . 6d. must bo 
exiieiided in fiKd lor pumping find drying, U. in removing overburden, U*. in removing sand, and Is, 
for mnnagement and ollii'o expenses, leaving B'.'. Gd. as the not labour cost of washing and drying a 
ton of clay. To the \)s. net cost of clay, must b(' added an avi'rago of 35. for royalties, 45 . for transit 
and phuung on board shi[», and I 5 . for agencies, commission, bad debts, and sundries, making the 
average actual cost amount to ITs. Borne favourably situated works can no doubt save two or oven 
throe uliil lings on this necount ; in otiiers, tho cost may amount to 2 O 5 . or even 22s. As to tho 
Belling price, tliis varies much more widely tlun the cost of production, ranging from Hs, to 35s. 
/,()./), Clays sold at the lower rates aro uiironmneralivo. 

N<durt; and UtUiudion of 11 asf,e J^roduf'ts. — Bosidc'S tho clay proper, there are certain waste or 
pseudo- was to products, produced in very largo quantities. These arc as follows : — 

Fine mica. — This is doi>ositod in tho “ micas a few years since, it was thrown away or rather 
washed awfiy, as is still the case in many works. Bomotimos, however, it is collected, diied in the 
manner of clay proper, and sold to the makora of soft paper, i>aBte-board, inferior pottery, &o., at a 
low price. 

Coarse mica.— This is invariably washed away or thrown away, there being at present no domarul 
for it. It, however, contains a very beautiful material, which might bo applied to many oruamontal 
purposes. ^ 

Band. — This consibts of broki u quartz cry.stals, mostly white or pale brovi^h ; when washed 
clean, it is the iiiu'st building sand known, as the angles arei all sharp. Mixed with one-eighth of 
Portland cement, it forms a concrete as hard as .stone. 

Biacoloiirtsl clay. — This has to bo dug out from among the good white clay in many places. It 
has been HUcccsHfnlly used in tho miuiufacturo of white bricks, for building purposes. In some 
instances, a ipiantity of the sand already mentioned is mixed with the refuse clay, and produces an 
excellent fire-brick. Tho same material is used in tho manufacture of the tile^ used as a floor for 
drying tho clay. Tlio maiuifactiirc of bricks and tiles from this debris is a growth, it is believed 
of tho last twelve years. 

Ovorburdon.— Thi3 upper part of this consists of soil, or “ meat earth *’ ; this is usually removed 
and oarofully preserved. Underaeath is a hard, often stony or sandy layer, which, in districts 
whore tin is workotl, often contains enough tin to pay for washing. With this stony or sandy 
layer, is usually a considerable tliiokness of discoloured clay suitable for brick-making. 

Branches.— Theso are stony veins which run through tho clay stopes in various directions. 
Sometimes they arc quite worthless; but, iu a few instances, they are veritable tin lodes, and 
contain enough tin to pay for stamping and dressing. Thus at Carolozo, near St. Austell, each 
1000 tons of clay yields somotlung like one ton of oxide of tin, and formerly the proportion w'as much 
greater. The proportions of those waste materials as compared with the to clay procured ore 
thus statetl : — 
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For every one ton of fine clay there is rcinoved—from 3 to7 toijs of sand, average about 3J tons ; 
from 2 to 5 owt. of coarse mica, average 8 cwt.; from 1 to 8 cwt. of um mica, average 2 owt. ; from 
0 to 1 owt. of stones, average J cwt. 

A cubic fathom of clay rock, of average quality, will yield about 2^ tons of fine clay ; and about 
half a fathom of overburden must be removed to get it. 

SiMjrfuted Improvements in Preparing. — Collins thinks tliat thei o is still much room for 
improvement in the preparation of china-clay, but that such must be a growth of time and 
circumstances^ At the present time, al)out one ton of water has to be driven off from each ton of 
clay iri the dry, and this uses at least 2 cwt. of coals on an average, and costs from 8rf. to lOd. in 
labour. In a few i^pdern drys, a small ec(momy in fuel has been effeote.I by lengthening the kiln ; 
but in none has it been brought so low as ov t. to the tor of clay. Mr. Stocker, in 1862, 
suggested the use of filter bi ds, and also devised a centrifugal dryer ; but neither of these 
contrivanc/cs has come into use, and the first would seem quiic }ua}>i>lioiil)lo, on account of the 
extreme fineness of the particles of clay, and tlie iiup< rnit'ability •! e ven a thin Inyor of that 
subsbmoo. Some economy might j)erhaps result from the use i)f hydraulic filtei's of calico, 8uclx|^ 
are used in the potteries for drying the slip ; but it is very doubtful if any saving would bo 
effected, as the labour would be about the same, and, against the 2s. a ton for fuel, would have to 
be placed the wear and tear of the calico. In washiug the cluy from the stope, soino bene fit migiit 
accrue from the use of a jet of water under a pressure Of from 50 to 100 lb. per square inch, as in 
the so-called hydraulic mining. This could only Ih) applied to slopes of even quality, wlioro very 
little picking out of inferior portions was required; but it would supersede the servicfs of the 
breakers on the slope, and greatly lessen the labour of the washers. It is but rarely that 
a natural head of water is obtainable equal to the required pressure ; but where niachinory is used 
for pumping, the additional cost of pumping, say 250 gallmis a minute to a height of 150 ft. 
in a standpipe, would be very blight, as the extra power required is little more than that of one 
horse. 

Statistics. — From statistics obtained from many sources, it is evident tliat the production has 
very largely increased from 1800 to 1874 — 2010 toiis against 226,801). In 1810, Trethosii (one of 
the largest works) pro luced 300 tons per annum, and employed thirteen persons, viz. eight in 
removing burden and raising (breaking) clay (at per fathom), tliree washing, two attending ponds 
jind ]mcking. In 1874, one of the largest works near 8t. Austell j>r()duc(.'d 0000 tons, cmjdoying 
about thirty men. Many works produced 0000 tons, (unploying twenty men. The quantity 
sent annually from Cornwall must average; at h'ust 150,000 tons. It goes not only to Slafibrdahiro, 
but also largely to Franco, Relgium, and otlicr foreign ewuntri»‘H. The oxUiisivc clay works n.cimtly 
opiaied in several dcpartinents of northern France hav(; done mucli to curtail the export of Cornish 
clay to that country ; and the large deposits of the i.slnnd of Bondiolni have lately been woikod upon 
to supply tiro needs of Denmaik, Sweden, and Germany ; while similar utilization of native clays 
has been carried out in America. Nevertheloss, the growtli of home industrit's which d(;pend in a 
measure upon this article will, doubtles.s, counteract the infinenco t'f decreasing exports. 

AimviCTAL China-clay, — T lio principal snpjdiesofchina-elny are oblaim-d, as has been described, 
through tlio agency of natural decomposing infim neos in granilio roi ks. In ojic instance, liowovcr 
at Botleek, County Fermamigb, it is pr<;cured by calcining tlio red orthoeloHu granite of tho 
district. The felspar is whitened by the process, and the iron boeomos separated in a motallio 
state, and is removed by magnets. 

Fire-clay.— Th# fire-clays are so named from tlieir great fire-resisting properties. Unlike 
most of tho other clays, which occur chiefly in Burfuce Ixids, fire-clay is derived oxclnsividy from tho 
coal-measures* where it commonly forms the flwr or “ undor-cduy ” of coal seams, varying in thick- 
ness from 1 to 4 ft. Fire-clays arc abundant in Great Britain, tho principal works being situate in 
tho counties of Stafford, Worcester, Northumberland, Durham, Lanark, and Mid-Lothian. Tho 
essential qualities of a fire-clay are a uniform texture, a somewhat greasy feel, and tho presence of 
only very small proportions of lime, iron, alkaline (wrths, or other impurities that would cause it to 
yield to intense heat, Novertheless, considerable variety of composition is manifested by fire-clays, 
taken even from different parts of tho same seam. Stanples taken from NewcHstlo, Glasgow, 
Dowluifl, Cool Island, Stannington, and Howth, showed tlie following maximum and minimum 
percentages of the principal ingredients : — Silica, 67*86 to 43*00 ; alumina, 40*8 to 21*18; oxide 
of iron, 8*4 to 1* 18; water, 15*1 to .3*14. Tho celebrated Stourbridge clay con tains .-—Silica, 60 
to 66 ; alumina, 25 to 81 ; oxide of iron, 2 to 6 per cent Most fire-clays exhibit impressions and 
carbonized remains of plants. , 

Extractvm mi Br<?parat«on.— The beds are worked by tho some shafts and levels as the coal 
seams, except where their outcropping admits of open quarrying, which is rarely tlie case. After 
extraction, the clay is first exposed in spoil heajjs, over tho greatest available area, for from throe to 
eighteen months, according to4he season. The action of frost is very serviceable in disintegrating 
the tough lumps. In dry weather, frequent watering is necessary ; in wet weather, three months’ 
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expoimre may sufiSoe to render it mellow/' or “ ripe/' as it is called when it falls to powder. It w 
next ground in “ edgo-runner " mills, and carried on endless bauds to the “ riddles,” whose mesh 
Tai’ies according to the destined application of tbo clay — t to 6 for fire-bricks, 6 to 10 for fine 
cement clay, and 12 to 14 for glass-house pot-clay. The pieces that will not pass through the riddle 
are carried back on an endless band, to bo roground. After being riddled, the clay is “ tempered," 
or brought to the proper degree of plasticity, by the addition of water, and is then thoroughly 
stirred atid kneaded in a “ pug-mill/* to fit it for moulding. 

Uses. — Fire-clay is applied principally to tlie manufacture of a variety of articles which are 
required to witlistsnd groat and long continued heat, snob as bricks and “ lumps,” for furnaces* 
firo-gratos, ovens, rcsturts, flues, rind the linings of fireproof safes, also smelt ingg^ots, crucibles, &C; 
For sewage pipes, ibis quite equal to any otlier material employed, and, perhaps, superior on the 
score of durability. 

Statistics. — According to Hunt's Mineral Statistics for 1878, the total production of fire-clay in 
the United Kingdom exceeded two and a quarter million tons ; of this quantity, Durham and North- 
nuiporland yielded over 350,000 tons, and Scotland nearly as much ; Staflfonl shire, 180,000 ; York- 
shire, 100,000; Lancashire, 60,000; Denbighshire, 23,000; Cumberland, 23,000; Shropshire, 
17,000: Leicesiershire, 15,000; Glamorganshire, 15,000. 

IKIeerschaum. — This iniTU>ral is a hydrous silicaic of mngnosia, occurring in veins, or in 
unifonn nodules, whose size varic's from that of a nut to a cubic foot or more, in the serpentinoiis 
rocks of many countries, but chic, fly at Kilcliik, Eski-Shelir, and liroiisBu, in Asia Minor, in the 
islatul of Negropont, and at lluldisHoro, in Piedmont. In 1872, the discovery of a bank of excellent 
quality was unriounc<([l from Southern California. Its npiu'oximate composition is — Silica, 60; 
magnesia, 28 ; wabr, 12 per cent.; it seems to arise from the decomposition and waste of the 
carbonate in older rocks. 

Extraction and P reparation. — The deposits at Esld Shehr are worked by pits and galleries at a 
depth of 4 to 5 fathoms. When freshly exhumed, the mineral is covered with red, oily earth, and 
is 80 soft as to b(^ easily cut by a knife. After being scraped, to rc'movc this coating, it is dried in 
the sun for five or six days, or in a hot chamber for eight or ten days, again scraped, and then 
polished with wax. It is then sorted into ten different grades, and is ciirtifully packed with wool 
in boxes for export. 

Ihcs and Htatistics . — The common kinds are used in the manufacture of porcelain, and the fino" 
qualities are consumed by the lobaeoo-pipo makers. The aumial export from Asia Minor is said to 
reach 8000 to 10,000 boxes, representing a money value of about 100,000/., principally to Vienna 
and German towns. 

Aktifioial Mekrsc'uaum. — A cheap artificial imitation of meerschaum is made from gypsum, 
hardened, troabnl with stearic acid or parufihi, polished, and coloured by a solution of gamboge and 
♦♦dragon’s blood.” Moeischaum pipes are said to be now mannfuetured in France from potatoes. 
The latter are peeled, and placed in a mixture of 8 parts sulphuric acid and 100 parts water, for 
36 hours, whori'by they l)ecomo black. They are next dried by blotting-paper, and submitted to 
pressure, becoming thereby a material which cun bo easily carved. The counterfeit is said to bo 
excellent. 

Pip©-olay.-~This is amdher variety of fine, plastic clay, so named from its application to the 
manufactim^ of tobacco-pipes. It is found in the counties of Cornwall, Devon, and Dorset, whence 
«omo few thousand ions are annually exported to Franc(% Belgium, Holland, &c., besides that for 
home consumption. The composition of pipe-clay resembles that of china-clay, except that there is 
a prej>ondorauco of silica ; it may be approximately statetl as silica, 54 ; alumina, 32 ; water, 12 ; 
oxide of iron, lime, and rangiK'sia, traces. The analysis of a light and a dark coloured sample from 
Dorset gave respectively : — Silica, 65-43, 72-23; alumina, 21*28, 23‘25; oxide of iron, 1*26, 
2*54 ; alkaliuo earths, 7 ‘25, 1*78; sulphate of lime, 4 *72, trace. 

Pottery-clay.— The distribution of clays suited for the manufacture of earthenware or pottery 
is very wide, and their origin is very various. They always occur in more or leas superficial beds, 
willi but a slight thickness of earthy or gravelly covering, consisting of fine laminated silts of tho 
Glacial periinl, or old estuary deposits, as well as river- valley accumulations, and re-formations 
from the waste and wash of the Bouldor-clay. Their composition varies exceedingly ; e. g. : — Silica, 
44 to 58; alumina, 24 to 38; oxide of iron, 1 to 7; water, 10 to 15 per cent; with truces of 
magnesia and lime. Tho coarser qualities opproaoli briok-clay; the finer, china-clay. The 
requisite properties are plasticity, colour, and the absence of proportions of iron or alkalies which 
might be prejudicial to tlw burning process. They are worked by shallow pits, and aw « ripened,” 
ground, and washed, as the other clays. 

(See Alum; Alumina; Cotton Manufactures ; Crucibles; Paper; Potteiy.) 
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In the diaiHUttion of ooal for the production of lUnminatmg gas, there passes over with the 
gases Into the oondensers, a variety of solid and liquid substances, the former being dissolved or 
suspended in the latter, and the whole forming a thick or unctuous mixture. When the mass is 
allowed to settle, it separates into two distinct layers: generaHy. the upi»er portion consists of 
water, holding in solution ammonia and ammoniacal salts, with more or less of the soluble con- 
stituents of the oily portion of the distillate ; the lower portion is a mixture principally of oily 
hydrocarbons, and forms the article known us coal-tar ” or gas-tar.” . 

The mean average yield per ton of coal carbonized for gas in tne various London gasworks, in 
1878, is stated as follows Coke, 34412 bush. ; breeze, 3 ‘17 bush. ; tar, 10*40 gall.; ammoniacal 
liquor, 29*44 gall. ; gas, 10,183 ft. 

The composition of tar varies with the description of coal submitted to distillation, and with tlie 
degree of heat employed ; though, in-obably, the degree of refrigeration to which the gas itself id 
submitted, after leaving the hydraulic main, has more to do with enriching the than all the 
other conditions combined. The specific gravity of tar ranges fiom 0*96 to 1*25 ; that of samjlles 
containing much naphthalene will fluctuate between 1*10 and 1*25: and such tors, being heavier 
than the “ammonia liquor,” will sink in the tanks; the density of tars obtained from Scotch 
cannel coal approximates that of water, being sometimes a little above it, at others a little below — in 
such tars the naphthalene is replaced by paraffin, 

London tar is alwfiys heavier than country tar; high heat increases the quantity of naphlhalono. 
The larger gas companies generally dispose of their tar by contract; and, though there are most 
important differences in the quality and quantity of the distillate fn>in tars of various origin, and 
pjfodnced under varying conditions of tt mperature, the distiller is unable to exercise any control 
over the character of the tar supj)lied to him. The tar is fn t^d from the ammonia liquor, as far as 
is practicable, by allowing it to settle. It is then removed from the gaswrtrks, in tanks fitted to 
railway trucks, or waggons, or in iron barges. On arrival at the w’orks, the tar is pumped into 
large tanks of mssoury or iron, sunk into the ground. Hero it is left to settle for some days, to 
enable the watery portion to separate out. When tlio tar is very thick, the separation of the watery 
portion is facilitated by means of heat; through coils of coppcjr or iron pii)e placed in the tanks, 
steam or hot water is passed, until the tar is rendered fairly fluid. Ovt'r-hoating should be avoided, 
as it might diive off the more valuable eonbtituents of the iur. Too nmeh care eaiiuf)! bo taken to 
free the tar from water, especially if tho tar happen fo be very thick, as is always the case in cold 
weatlier. The presence of Water causes the tar to frot;h when being distilled, so that it boils over 
through tho worms ; it may even lift the still head, when contaei with tho flros will producci 
disastrous results. Tars which appi'oximate tho sp. gr. of water arc not easily dehydrat(‘d ; tiudr 
distillation is best conducted on tlte Scotch or French systems. TJio infiaminahiJity of tJio tar pro- 
ducts necessitates every precaution against lire. The tanks in which llie liquids are oril looted are 
placed 08 far as possible from tlic furnaces, ami are kept stjcurely covered. As fires occur most 
frequently at tho stills, it is best to isolate tiiem from tin' general plant altogether; and, since it is 
impossible to extinguish burning tar, it is a good plan to HUi)ply each still with an outlet, at or 
near tho bottom, communicating with an empty l)oiler or still, so as to rim off the tar from the 
burning matter as quickly as possible. Hy taking this precaution, tlio of)ening of tho outlet 
relieves the pressure duo to frothing, and renders an accident from tli is cense much less lialilo to 
occur. There are three methods of treating tar — English, Hcotch, and French ; it will bo necessary 
only to give those points of difference which render one metluKl better suited than another in 
particular cases. 

To avoid confusion, it may bo well to point out that tlio treatment of tnrs varies according to 
their qualities and sources; unless otherwise stated, the remarks in this article apply to J'Jmjlish 
tars, ordinarily obtained from London and country gasworks. London tiir weigJis 1 1 to 12^ lb. a 
gall.; country tar, about lOJ lb. Tho tars known as “ Midlands ” are the most sought after by 
distillers; having been distilled at a lower tomperuture than tho I>ondou tars, they are richer in 
benzol. When the beating is very low, tho benzol may be roj)la(5ed by eupion. London lar is 
principally obtained from Newcastle cannel or bituminous couls, Scotch cannel yields gall, of 
tar and 32 gall, liquor a ton ; caking coal yields about half as much. The nature of tho tar from 
the same coal will vary according to whether tlie retorts userl are of clay or of iron ; clay retorts are 
more strongly heated, which circumstance is said to diminish the benzol and increase tlie naphtha- 
lene. This may explain why country tars are preferred to London tar. 

The form and capacity of still used in fhe *• fractionizing,” or fractional distillation, of coal-tar 
vary, principally, according to tho extent of the works. Tlic smallest capacity considered 
economical is 600 gall.; in large factories, stills holding from 1200 to 2500 gall., and even 4000 to 
7000 gall, are used. A great advantage with the larger size is th^t it enables a manufacturer to 
dispense with much stowage space in the form of tanks, and oonsaquontly saves a great deal of 
labour ; on the other band, an accident is of much more serious conaeguence, and the charge cannot 
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bo nm over without involving nightwork. For small works, those stills aare preiSfeited which 
ailmit of working off a charge in ten or twelve hours. The largest stills are convenient for dealing 
with special descriptions of tar, and in special modes of distilling. The most convenient size is 
2500 gall., which, on the English system, is rim over in about thirty-six hours. 

In arranging the plant for a tar distillery, the great object is to enable the tar to be worked up 
as rapidly as possible, and with the smallest amount of labour. In the winter months, increased 
supplies frequently involve the erection of a few extra stills. Tho varying consistence of the tar 
may necessitate modifications in the luothod of distilling, so that it is almost impossible to prescribe 
any general rules iri erecting tho plant for this business. A few extra stills should always be put 
up ready for use. • 

There is no doubt t^at eventually most largo gas companies will utilize their own tar ; in such 
oases, it would be easy to determine what plant should be erected, because, as a rule, the coal used 
is the same, and tho conditions of heating are likely to be kept uniform. The manufacturer who 
purchases his tar from several gasworks has to put up with a variable product. 

The English stills are o/instructod of i-in. boiler plates riveted together ; the portions which are 
likely to be more strongly heated are made thicker. If the distillation is to bo carried to coking, 
caig iron should be used, as it does not burn out so rapidly, and needs no joints. To prevent burning, 
the bottom of tho still rests ui)ou brickwork, (‘XC(*pt in the coking process. The form of still 
chiefly used in England is that shown in Fig. 481. The ‘‘head ” consists of a bent cast-iron pipe 
o, communicating with a series of 
iron pipes h armng(?d in a tank as a 
condenser. At the top of the still 
is a manhole c, and an iidet d for 
tho tar; in some cfises, tho same 
inlet is used for injecting super- 
heated steam, either for distilling t 
purposes, or for driving out tho j 
pitch after tho charge is finisliod. ■ ] 

Around the nock of the still is a ' \ 
channel for collecting the portions T 
whioli condense in tli(i head ; these 
are added to the distillates, as 
thoir falling back into the still 
may cause frothing, which is dan- 
gerous. Near the Ixd.toni of tho 
still is a pipe for removing tlio 
residue. The stills are hc'nted by separate furnaces, and are arranged under a light shed, so as 
to protect tho workmen from tho weather. They are sometimes enclosed in brickwork, as shown, 
with the view of preventing loss of heat. The heating flues should not reach above the space 
occupied by thts contents of tho still at tlio end of tho opt ration. 

For a tar which is ricli in light hydrocarbons, such as that yielded by Scotch cannel coal, 
att<l by the betti^r kinds of lignite, another kind of still is required, as the application of fire-boat 
would be accouipiinied by danger. The method adopted with tlio.so tars is to distil them by 
Btoam-heat, in order to remove tlioir more volatile constituents, until the residue in the retorts 
is reduced to a thick mass, known as “ boiled tar.” This is then withdrawn into tanks, or is 
pumped into other stills, in which tho distillation is carried on in the usual way. These tars, 
being richer in benzol aud anthracene oils, are much sought after by distillers, though the 
scqiaration of water from them is more troublesomo. Tho process, which is known as the “Scotch 
method,'* is conducted iu tho following manner : — The “ green,” 
or raw, tar is pumixid from the settling tanks into stills—S, 

Fig. 482 — having a capacity of 4000 to 5000 or more gallons, 
and made of jf-iu. boiler plate. A perforated steam-coil lies 
at the bottom of the still, or steam is admitted through brandies 
p, with valves V, from an inlot pipe I. Tho stills should not 
bo more than | filled, say to W, ns plenty of room must bo 
allowed. The distillation is carried on until tho distillate 
acquires a sp. gr. of 0*930; tho residue in tho retort, known 
as “ boiled tor," is then run out, through a hole near the bottom, into tanks, or is pumped into 
other stills at once, for further distillation over a naked fire. This process commends itself 
for several reasons ; tho most important arc that the rapid recovery of the vdatfle oonstituenta 
of the tar allows a laige quantity to bo worked up expeditiously, and Ihat the naphtha obtained 
is more true fifom smell, and will keep bettor on exposure to the light When the tighter portions 
are drawn over, tho residue is stowed away for working up 4n slai^ tijme 4 Much of the so-cdled 
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Scoteli ‘♦sqilveiit napliiiia,” now va&i with ' lu commoroe, behaves imder acids so 4iffoTeiitly 
£rom BngBsk naphthas that it is questionable how far it can be usea as a substitute for them. A 
groat mertt of the best Scotch naphthas is the absence of naphthalene from the “solvent’' 
fraction. 

The crude or “onoe run** naphtha obtained by this process is again distilled with steamt and the 
products are collected at diferent temperatures, as required. A residue, amounting to about 7 per 
cjent of the “ once run " naphtha, is left in the still ; it lias a thick, tarry consistence, and is run in 
with the creosote oils, or sold to rosin^groase makers at 5Qs.-^5s, a tou. In distilling with Hieanif 
a large quantity of water passes over with the product ; as this continues durin'g the whole o^wra- 
tion, the distillate is received in a “ separatory ” appamtus, so as to allow the water to escape. 
This consists of a magnified “ Florentine receiver," in the form of a rectangular iron tank. Tlie 
boiled tar” is distilled in vertical Or horizontal stills, heated directly by a furnace. The lieating 
should be very gradual, as this tar contains considerable quantities of water. About 1000 gqjl. yield 
200 galL of rough naphtha, which should give about 120 gall, of naphtha suitable for burning, &c., 
and about 320 gall, of creosote oils. Tlie residual pilch will amount to 35-55 per cent., according 
to the temperatures at which the distillation has been conducted. 

Ernest Smith saysHhat in distilling Scotch cannel tar by the Scotch system, a little light pil, 
sp. gr. O’ 850, first passes over, after which a rise takes place, and the wiiole of the liglit naphtha 
marks O’ 890. The sp. gr. of the second naphtha is 0’910 ; Co collect this, the receivers are changed, 
when the distillate rises to 0’930. The crude light naphilia from the best tars yields 10 per cent, 
at 120® (248® F.), with a sp. gr. of 0*880. He states that paraffin appears more copiously in tars 
obtained from cannel coal at a low heat, and that generally the anthracene, before purification, 
contains a larger quantity of paraffin. This certainly will helji to account for tiio great differouces 
Tu Sfcotch solvent, and explains the discordant figures given by various authors. 

A continuous process of distilling has been lately introduced : by running Ihe hir over molten lead 
the more volatile part is driven off, and the residue is received in retorts for further treatment. 

The French system " of distillation differs mainly in drawing off the aqueous portion of the lar ^ 
at a. much lower temperature. • It is frequently effected in jacketed stills, or by moans of circulating 
(Eitcam pipes. The same method is obviously applicable for drawing over the lighter oils, or for 
carrying on the distillation so as to separate the constituents of tho tar at one operation. “ Liquid 
pitch,” or ** thick tar," c-on tains a little of what corrt'sponds to the second light oils of tho English 
method, and all tho heavy oils ; “ fat pitcli " is deprived of all tho light oils, and paiiially of the 
heavy oils; ‘Mry pitch" is ohtaiuod by heating until liquids are given off. Tlio condensor 
usually employed consists of a series of 4-iu. flanged iron pipes, joined togotlmr by cast-iron 
elbow-pieces, and arranged in a water- tank in zigzags or ovals. Tho joints are best made with 
sheet lead ; where cemented joints arc required, slukod lime wrtrlccd up with a little tiir makes 
a lute, which, after hardening, stainls for a long time. For oonveniouoe in cleaning tiio 
condensing tubes, they are joined by tcc-pi< ces, and the ends win'ch project through the tank are 
closed by iron plugs or caps. The length of worm required is a natte r of some importnnee; tlio 
liquids which come ever nt tho first stage of tho operation should be well cooled, w’hil^t the. heavier 
oils, if cooled too much, would choke up tho tubes. The cooling must be so ri gulated that tho 
distillate shall flow freely away to the receivers. About ICO sq. ft. of condensing surfaco is 
sufficient for a still working off 2000 gall, of ordinary tar per twenty-fonr hours. If the product 
Sfdidify on cooling, or if much naplithalene come over with the creosote oils, it may bo noeiissary to 
stop the cooling altogether, or even to heat tho water in tho worm-tank by injecting steam. It 
is not easy to define precise regulations, and, in ojieruting upon a new sample of tar, it is by far 
the best plan to watch the distillate itself ; for not only is it a mutter of great importance to know 
how to adjust tho condenser, but the proper time for changing tho receivers must be ascertaiuod, 
especially if the preliminary distillation is used for partial fractiouizing. 

In treating ordinary English tar, the distillation is thus conducted The firing is generally got 
up as the filling progresses. It is important to raise tho heat very cautiously, and to watcii for 
the oommenooment of the distillate going over ; this can be done by feeling the condensing tulxs, 
and, as soon os it becomes wann, tho fire should bo checked, the object being to distil very gradually 
at first, and to make tolerably certain that all the watery porthm has come over. If frothing occur, 
the still head may be cooled with water, unless tho still be of cast iron. Tho water prf^sont in the 
tar makes the distillate come over more copiously. The first distillate consists of water chargotl 
with ammonia (“ammoniacal liquor”), and tho more volatile hydrocarbons. As soon as the water 
has stopped, tho receiver is changed, and tho heating is slightly increased, Tho product which 
now passes over is called “first light oils," and amounts to 8-10 per cent, of the quantity of 
tar originally taken. During this time, the temperature gradually rises, from the fact that tho 
iar parts from its more volatile portion, and what remains has a muQh higher boillog-poiut. In the 
earlier part of the process, the refrigoration must be as perfect as possible ; bat as the receivers are 
changed for the heavier and less volatile portions of tho dii tillate, it is not so esssniiai to keep 

2x2 





OOAL-TAE PBOBTJOTS. 


them Very coot This is not entirely n matter of economy of water: a little heat &ci1itates the 
flow of the oondonsed liquids, and hastens the distillation. 

In the English and Scotch systems, the receivers are changed for collecting what is known as 
“ second light oils,” and there is no doubt as to the advantage of this, especially where large 
quantities of tar are treated ; by the French method, no fraction is obtained corresponding to 
this. 

The distillation is carried on until a few drops of the distillate will sink in water ; but it is 
better to stop the collection of second light oils at an earlier stage, for the distillation of some tars, 
as those yielding paniffin, can be carried on at a very high temi)erature without yielding a product 
heavier tlian water. II is better to use a thermoinettjr, and to chahge the receiver as soon as the 
tcinperatiiro is sudlciontly liigli. With ordinary English tar, the first and second light oils are 
collected until the distillate sinks in water, when the receivers are changed for the “heavy oils,” 

“ creesoie (dis,” or “ creofiote."' As the prmluct now contains much naplithulene, which may choke 
the (widensor, the latter must be kept warm; diminishing the flow of cold water Will secure this 
under ordinary circumstances, but it may be necessary to heat the , condensing worm, if large 
quantities of naphtlnilcnc oro pres(‘nt. 

•After a time, tiio distillate changes again, and has a green colour; this is known as 
“anthracene,” or “gnon oils,” and is collccbd in a sei)arato receiver. Towards the end, the 
distillate becomes black, and the receivers are finally changed for what are termed “ last runnings.” 
Tho residue oonlained in the ntort constituhis pitch, wliich, while still liquid, is drawn off (or 
blown out by Bupcrhcat('d steam) into a closed tank, ‘to cool down to about 204*^ (400® F.), before 
being placed irr its nllimah' rcccjdnclcs. Tho reason for this is that its temperature is so high 
that it would nmdily ignite, if irnmediaUdy cxposcul to ilie air. 

Neglecting the ammoTjia, which has been already treated of at p. 232, the products of the 
fractional distillation of coal-tar are : — 

1. “ First light oils,” with water and ammonia, passing over at .. .. 100® (212® F.), 

2. “Second light oils,” or “once run” (or crude) naphtha, passing over at 149® (300® F.). • 

8. “ Heavy oils,” or “ creosote oils,” or “creosote” „ „ 171® (340° F.). 

4. “ (ireon oils,” or “ anthracene” „ „ 204® (400® F.). 

5. “ lilack oils ” „ „ 425® (800® F.). 

C. IMicli, loft UB a reBiduo. 

Tho temperatures given are approximately those at wliich tlio receivers are changed. 

On tho French system, the fraetions are cplh ch d at slightly dith rent temperatures. 

Tlio next consideration will ho tho j>rodnet8 derived from each of tho above-mentioned groups, 
omitting all ihoorotieul or purely Hcienliflc elements, as well ns compounds of no immediate 
imjxirtaiicc. 

Once-run (or Crude) Naphtha. — This li<juid is almost colourless when freshly drawn 
over, but rapidly aciiuires a brownish ting(*, by oxidation, on exposure to the air and light. It is 
rather curious that those coustituents of coal-tar which are so readily affected by light appear 
to have escapoil tho attention of tho sdeutific photographer. A test for the purity of rectifii d 
naphtha is its non-changeabilily in colour on exponure to light ; and the treatment to which it is 
subjected is for the purpose of removing thosi* priucij»les which nmder it liabh* so to change. If 
the receiver has been changed ufh r thi5 water has passed o\er, the crude naphtha will bo con- 
aiderubly less rich in tliose principles whieh boil at or uudor 100® (21*2® F.), and the watery vajKiur 
will have carried over much of those linving a boiling-point aliove tliat of water. This is more 
peroejitible with those tars whieh are lighter than water, for the vapour, in passing through tho 
tar, mechanically carries over a little of all tho principles contained in it, and which of themselves 
would not go over except at a higher temperature. If the receiver has not been changed, the 
crude naphtha will oontaiii the first and second light oils. In the case of tars containing much 
creosoU*, it is more economical and convenient to sjilit the crude naphtha into first and second light 
oils at tho first operation. Many manufacturers of benzol, solvent naphtha, and aniline products, 
pnndiaso crude naphtha from tho tar distillers; and as this product varies in composition and 
value, the mauufacturcr should know* what he is actually purchasing. Itfl value chiefly de[)end8 
upon how mucli it contains of benzol, toluol, xylol, and cymol, which come over at different 
temperatures, and ujion their sp, gr. It is submitted tn a rectification or second distillation, wdth 
or without the oily portion which separates out of tho am^oniacal liquor. Tho latter is best treated 
separately, as it consists mostly of Ixmzol and toluol, and is oonsequeutly a convenient source of 
high-class heuzols. I'ho object of tlie second distillation is to separate the more volatile benzol and 
toluol, and to clear the solvent naphtha of a great portion of the heavy oilju It Is pumped into a 
still, heated by steam or hot water, and covered with felt and cement, to prevent the heat escaping 
and raising the ternjieratur© of the room. Tho process is governed by the temperature indicated 
by a thermometer immersed in the vapour. This operation is oarrM oe with extra care ; the 
vapours are led away to an effloient condenser at distance frtim the bliilding, and the liquor is 
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reoeiv^ in ooveW tanks sunk in the ground. As a rule, tho crude naphtha is only firaotionissed 
once ; hut it may be split up into different products, according to the requirements of the manu'^ 
faoturer. To produce high-class benzol, the receivers may be changed as sohn as the temperature 
rises to 100^-104® (212°~220® F.). The usual plan is to allow the distillate to flow into a closed 
vesset supplied with two or more cocks, and containing either a hydrometer or some excisemen’s 
beads, so as to guide the dtetiller in changing the i-oceivcrs. ’^Scarcely two distillers fractiouizo 
naphtha in exactly the same way ; everything depends u}X)n what it is wished to extract, without 
rendering the residue unsaleable. Some collect the distillate until tho temp, ris^s to 115^-121® 
(240°-2o0® F.); others go so far as 132*^-138° (270°-280° F.); ind otliors, again, make only one 
change of the receivers, collecting, at 121°- 132® (250°~270° F.). all that comes over until the temp, 
rises to 149°~160° (300°-320° F,). The capacity of tho stiJis must depend on the number and 
extent of the fraction izings.' A disadvanhige is experienced from splitting tlie distillates into too 
many products; but this is removed by collecting the prociuotsef tho first distillation, in such a 
way that two fractionizings will bo sufficient for the soamd distillation of each of the first pniducts. 
In the rectification of tho crude nnphthu, whatever comes over at the lowest tcinporaturo should bo 
added to the second product obtained in tho first distillation, and thus the products should be 
treated throughout. " 

To avoid repetition, it may be stated here that the treatments of all tlie products are pretty 
much the same. Dilute acids are used to separate the bases, and alkaline solutions are employed 
to remove the acids, the process being called “ washing.” In particular cases, steaming is used to 
facilitate it, when special appliances are necessary to avoid evaporation. 

The following synoptical arrangement will give a clear idea of tho 2 >rimary 2 )roducts obtained 
by ordinary fractionizing on the English system 


IsT, OR Preliminary Distillation. 
Stills charged with gas-tar, yield 

A. Ist Product, containing;— 

1st Lujht Oils. 

Water charged with ammonia, &c. 
Benzol \ going over with the 1 . , 
Toluol, &c. j vapour of water. / * 


2nj>. Distillation or Reotifioation. 
Stills charged witii preducts from gas-tor, 
yield: — 

A'. Obtained from A by standing to sepa- 
rate. 

Ammonia liquor. 

Jk*uz<tl. 

Kesiduo ndilcd to B. 


B. 2nd Product, containing : — 

2nd Light Oils. 

Toluol } quantities. 

Xylol I jirincipal 
Cymol I coustitiunts 

Heavy oils, &c., small quantities. 

C. 8rd Product, containing 

Creosote^ or Heavy Oils, 

Carbolic acid j 

Oresylic acid > O'. 

Naphthalene, &c. ) 

D. 4th Product, containing : — 

Oreen Oils. 
Anthracene, &c. D'. 

E. 5th Product, containing : — 
Dead oil, or Lost runnings 

F. 6th Product. 

Pitch. 




B', Obtained from B. 

Benzol, 40 per cent, to CO 2 X)r cent. 
Toluol. 

Solvent na])litha, with small quantities 
(tf light and heavy oils. 

Residue added to C. 

O'. Obtained from 0. 

Crude creosote : — 

Hej)aratcd hy })resHure, &c., into 
(Jarholic a< id. 

Cresylic arid. 

Naphthalene. 

D'. Obtained from D by heat and pressure. 
Crude anthracene. 

Residues added to crude creosote, or re- 
distilled. 

E'. Obtained from E and F. 

Soft pitch coniaiuB the dead oils. 

Hard pitch is deprived of a great deal of 
these oils. 


When the tar is distilled so as to yield a hard pitch, by removing as much as possible of tho 
anthracene oUs, it is converted into softer kinds by addition of the creosote oils. 

This list gives only the principal constituents of eaoh product ; by repeated fractionizings, 
their proximate csonstituents may be isolated, according to tho jiurity required for the commercial 
article. The tar distiller rarely has to carry his ofierations so far as to obtain more than tho 
approximate separation of the series conftiined in the second column. As the preliminary treat- 
ment of roost of those ia.almost identical, it will suffice to give ooe general description. 

Formerly, the crude naphtha and light oils, freed from their watery portions, were 
pumped into large, lead-lined, wooden vats, and agitated by perforated rotating fans, for some hours, 
with sulphuric acid and caustic soda solutions, each washing being followed by a good agitation 
with water. The acid and other liquids must enter in a fine spra}«i Now, it is the general practice 
to re-ran the crude naphtha before washing, as many impurities we thus removed, and a saving of 
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mateiial is effecle<i Sulphuric is preferable to other acids, because it more easily carboufaes thb 
impurities, and causes them to separate out us a soft resinous mass, in addition to wMoh, it forms^ 
with the bases, ealts which can be removed by wa'^hing. About 3 per cent, by measure of acid 
(e. o, V.) is gradually diffused through the liquids, and the whole is well agitated ; on standing, 
the impurities collect on the bottom ; the naphtha is drawn off into another tank, to be agitated- 
for five or six hours with 6 per cent, of acid. After settling, it is again drawn off, and agitated 
with repeated fresh supplies of water, until all the acid is removed. The water is drawn off, and 
the naphtha ia»then agitated with 10 per cent, of a solution of caustic soda, sp. gr. 1*08/ Some- 
times milk of lime is added ; but its use requires extra care. After standing for some time, the 
naphtha is treated with water as before, or is pumped into a still, and drawn over by superheated 
steam. Tliree washings with acid are given, tho last being sometimes with a mixture of sulphuric 
and weak nitric. The acid sludge has been largely used for making superphosphate. 

After the separation of the water by standing, the naphtha should be colourless, i. e. ** water 
white,” and remain' nearly so on expoauie to light ; this is tho best tost of thorough washing. For 
“ second light oils,” caustic solutions are first used, as the chief matters to be removed are carbolic 
and other acids. As these vary in different naphthas, a preliminary test is made, to ascertaio 
hoWemuch caustic solution is required (see Carbolic Acid, p. 44). After removing the soda-salt 
formed, by washing with water, tlie whole is left to settle ; the liquid is drawn off and treated with 
acids, as above, or is first submitted to distillation. 

Various ways of carrying out tlieso rectifications are adopted by different manufacturers ; some 
have only ideal advantage's, wliilst others ar(3 more useful. As a rule, it is found that by pushing 
tho distillation too far, in the prcUiuioary treatment of the tar, little or nothing is gained. Tho 
object is to minimize tlie washing, which moans saving acid and alkali, as well as labour. A 
jwving of acid and alkali is effected by not allowing tlie l)oavy oils to go over with the second light' 
oils, aiidjior the production of solvent naphtha, this is an important consideration. It is necessary 
to guard against loss from cvaiiorization, caused by tho heat generated on mixing the naphtha 
with acid or alkuli. Tho products, either orndo or rectified, are rodib^tilled for now products. 

The stills used for fractioniziiig tho crude nnphtlia are known as Coupler's and Clark’s. Tho 
yapours are condensed in a leaden worm, and the liquids are roceiv«?id in a closed box with glass sides, 
containing some coloured “ spc'citic gravity beads ” ; at the bottom, are sevoral cocks communicating 
with separate tanks for tho reception of tho fractionized products. Tho still is covered with felt 
and cement. It converts tho crude products into sccoiid-ciass benzols, toluols, and solvent naphtha, 
the residues Ixnng drawn off into the creosote tanks. The condensation must be thorough, to 
prevent escape of tho vapour, which, from tlwse portions of tho distillate, is very inflammable. 
In the first fractionizing by Coiipier’s still, tho proximate principles are only comparatively 
isolated, though more so than is usual with the English products ; but by submitting tho products 
to a stKYind or third roetificution, it is possible to separate the principles very completely. Thus 
Coupler 8 distillates have justly ournod an enviable reputation. His still is used principally on tlie 
Continent. Clark s still, like tho one previously mentioned, is, in many rcBpeots, similar to the 
Ooiiiny si ill (see Ammonia). It may be used in a vuriuty of ways; the same results may be 
attained as by Coupier s still, but with tho advantage that the liquid is broken up into several 
products at one ojieration. 

bow inanuiiicturers adopt these nudluMls, unless for some special purpose. The most economical 
way of working is to take advantage of tiic prclimiiiury distillation for tlio first frnctionizings, and, 
in roruiuiing tho crude iinphthii, to follow a similar plan. This entails a greater outhiy in tanks 
for stowage, wliich may be oeonomically rejilaeed by jmucheons, provided they can bo kept from 
loiikiiig, and from alli.wing the liglder products to ponetrato tho woikI. 

Solvent naplitha, or, as it is more fre<|m'ntly cuIUhI, '‘solvent,” is much used in the manufacture 
of iudiiiruhber waterproof goods, as it readily dissolves or softens indiarubbor. It is also a solvent 
ot resins, oils, &o., ami, at oiu' time, was largely used in tho manufacture of varnishes, paints, and 
cemcids : but for such purposes it is now almost entirely roidaood by tho lighter kinds of petroleum. 
It is ofion adulterated with petroleum or shale oils. Good tsolvent naphtha, ftom English tar, has a 

gr. of about 0*870 at 15*^' (GO^ F.), ami should commence to boil at about 118° (245° F,), 
although it froqmmtly requires 12l<^ to 127^ (250" to 200" F.) before any appreciable distillate 
go<'8 over. Between its boiling-point and 142° (288° F.), about 70 or 80 per cent, of its bulk should 
pass into the receiver, and the sp; gr. of this firwetion should be a trifle less than that of the original 
sample. The distilhito collected between 142° and 160° (288° and 820° F.) should be a littlo 
heavier than tho sample, and should correspond to 15 or 20 per coni of the origima bulk. Tho 
residues, when oontainbig naphihaUne, ar© oflen as high as sp. gr. 0*950, and aolidify in cold 
wmthcr^ otherwise the sp. gr. of the residues and fractions will not vary mnoh ftom that of the 
solvent itself. When petroleum or shale oils are present, either as adulterahta, or when the 
tiaphtha is derived ftom tl»e tar of oiinnel oonls, the sp. gr. will be 0^845. Sootch aoivent goes over 
at lower temperatures than the English product, and is of lighter ip. gr. If muhh distil at or below 
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118® (245® F0» petroktro 00 ® are proMbly present ; this ean be aaoertaine^ by the sp. gr. of the 
fraotioniaed product; Sootoh solvent gives 95 per cent. distiUato at 160® (820® F.). 

The vapours of solvent naphtha have a peculiar intoxicating power over Uiose unaccustomed to 
its use; a person thus affected rapidly recovers when taken into the open air. The effect is 
indicated hy giddiness and hilarity, which is not followed by depression on recovery. It is rare 
for til© same individual to suffer more than one or two attacks. The ventilation of the buildings 
where it is evaporated is generally well arranged. Formerly, thfey were lighted, when necessary, by 
gas jets fixed outside the windows; now, a gool supply of air is admitted, and dilutes the vapour so 
rapicily as to remove all chance of explosion: (See ludiarubber Manufactures.)* 

Bexusol^ or Benzene. C«,Hg. — This liquid was discovered by Faraday in 1825, and was 
named by him “bioarburet of hydrogen.** In 1834, iCisoherlich obtained it by distilling 
benzoic acid with hydrate of lime. It may also be procured by passing benzoic acid through a red- 
hot tube. A mixture of one part of benzoic acid and three parts of slaked lime yields, by distilla- 
tion, benzol in a pure state, and calcic carbonate. The mixture should be gently and gradually 
boated; the benzol, wldch goes^over with a little water, is separated from the latter, and distilled 
over a solution of caustic potash. Benzol is one of the most important principles of gas-tar ; it 
exists largely in the petroleums known as Rangoon tars, and in some of the jietroleums of Europe, 
the Caspian, &c. When pure, it is a colourless mobile fluid, boiling iit 81® (l78® F.), and solidil’^^g 
at 3® (37° F.) into a colourless crystalline mass. Its ep. gr. at 0® (32° F.) is 0*899, and at 20° 
(68° F,), 0*878. It has a peculiar aromatic smell, is very inflammable, and burns with a smoky 
flame. It is slightly srduble in water ; but dissolves fre*ely in alcohol, eth<*,r, carbon bisulphide, and 
the liquids obtained by distillation from gos-tar. It is al8f> miscible with tlio ixjtroleums. It 
dissolves iodine, sulphur, phosphorus, fats, oils, resins, guttapercha, and indiarubber. It may be 
Tised* in varnishes and in paints, as a substitute flu* turpi utiuo ; but its jnicc is too high for this at 
present. It removes grease spots from cloth, silk, <fec. Its volatility renders it a convenient source 
of illumination. The “ Benzol ’* or “ atmospheric** light is obtained by passing a current of air or 
hy<lrogen through benzol. The saturated air is distribufoil in the snmo way us coal-gas, and 
burns freely. The conditions which operate against this method of,, illmuiuating are condensation in 
cold weather, and the diflioulty of saturating the air at low temperatures. 

The fact that benzol solidiflos when cooled to a low tompersture supplies a method for its puri- 
fication on a largo scale. The solidified iiiass is submitted to pretsun*, by which the benzol is 
freed from its liquid impurities; by redistillation alone, this would bo almost imi>ossiblo. Benzols 
which become solid at —1° (30® F.), are prepared for special purposes. 

In commerce, it is rarely met with in such a state of purity ; but is sold as 90 per cent., 40 per 
cent,, &c., which means that wlieii the sample is distilled, 90 per cent., 40 per cent., Ac , passes over 
at or below 100® (212® F.) : 90 per cent, is the highest commercial rectification, and in preparing 
l)ure benzol it is better to work upon this basis. Pure benzol is obtaimsd from tlio ooraraeroial 
artiide by rejKiating the process for the production of the latter, and exproHsing the congealed mass. 

It is of groat importance when pnrehnsing benzol, toluol, n iphthu, &c., first to have an under- 
standing with the seller, as to the conditions of performing the distillation ; — 

1. The quantity to lx* placed in tlie retort for distilling. 

2. The capacity of the retort. 

3. Whether the bulb of the thermometer is to be immersed in the liquid or in the vapour. 

4. The rate, whether in ilrops or in a stream, at which the distillate shall pass over. 

5. The method of applying the heat. 

6. When the distillation shall 1x5 considered complete. 

Corrections for barometric pressure may sometimes be m cx'ssary, and, in all cases, the distillate 
should be measured at the Sfine temporuturo as the liquid, the loss dno to imperfect refrigoratidn 
and condensation being considered* as a part of the ilistiliate. Tiie residue, if measured off 
immediakdy the distillation is ended, will bo wam» ; if left in tlie n tort to cwl, tlio few drops 
collected in the rtceiver after the distillation is ended must be regarded as part of the residue. 
Til is may easily give rist^ to a difference of 2 or 3 per cent. 

Manufacture and Beciifeatum. — Several forms of apparatus for separating benzol from once-run 
naphtha have been alromly mentioned. The esoential feature in all of them consists in receiving 
the vapours in a oomlenscr kept at such a temperature that ordy those liquids can pass over which 
are vaporizable at that degree, tliose vapours which are condensed at this siimo degree being returned 
to the still. By using a series of coud<msers, the liquid may be fmetionized to any extent at one 
cqieratioii* This portion of the factory is kept cool, and is placed os far as possible from Ixalers and 
furnaces, on account of the volatility of benzol and the inflammability of its vapour. I'lie distillation 
is efiO^M by steam or heated water, as it is then easier to reguiste the tempemturo ; direct heat 
colours a portion of the liquid. The vapours me collected in aootltei^ boiler, placed on end, provided 
with a theimoiiieter, and jacketed so that it can be kept at apy requir^ temperature by steam 
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or water ; those rapoors which are condensable at that temperature are here airestedy whilst the 
others pass on to a properly cooled receiver, whence they are delivered ipto a vessel provided with 
two or more taps, communicating with stowage tanks. When the temperature^df the intermediato 
condenser is so high as to keep the benzol in a state of vapour, the product will be fioher* When 
it is desired to collect tV\e distillate at different temperatures, the jacketed boiler is heated to, say, 
82® (180® F.), so as to allow the benzol to pass over ; as the temperature is raised^the cook leading 
to the benzol tank is closed, and another cock is opened, so as to collect the second distillate j thus 
any number of products may be drawn over from the same still of crude naphtha. 

The crude benzol is washed by thorougli agitation with strong sulphuric acid in well-closed, 
lead-lined vats ; on the large scale, the agitation is performed by steam power ; the acid is then 
drawn off, and the Ixmzol is well washed with water. These operations are repeated according to 
the degree of purity required, or until the acid drawn off is nearly colourless ; the final washing is 
with limo water, or a weak alkaline solution. When well washed, the benzol will suffer no change 
of colour on addltiou of sulphuric acid. The sulphuric acid may be used afterwards for the treatment 
of crude naphtha. Tlie benzol is then carefully distilled. To a\pid the loss duo to heating, the 
sulphuric acid is added slowly and at long intervals. The treatment with acid and alkali, and 
final washing with water, are best carried out in separate vessels ; by arranging them one above 
another, the lit^uids are easily do(;antod, and the sludge can be caught in receptacles placed 
beneath. Limo is (jheaper than soda ; hut it forms, with many of the tar acids, less soluble com- 
pounds, which arc thus less easily reniovetl by wiishing. The alkali waste from this and similar 
operations is now frequently burnt for reconvm-sion. 

The amount of Ixmzol contained in a sample of tar will, under ordinary circumstances, depend 
upon the amount of refrigeration to which the gas is bubmittod. The reader’s attention is called to 
Ltike’s patent inethwl of obtaining benzol from gtis (No. 488, 1800) ; if the figures therein given (nuT 
be sustained in practice, an enormous amount of l>onzol and toluol can by this method bo recovered 
from coal-tar. Coal-tar naphtha lioiling at 130® (2GG° F.) is worth about Is. 9d a gall., whilst 
petroleum boiling at 149® (300® F.) is worth about Od. a gall. ; 00 per cent, benzol is worth 35. 
a gall. If it is possible to rewver, say, 12 per cent, of the liquid used iu washing the gas, there 
should 1)0 2^ to f) gall, of a proiluct worth from 3s. to 45. a gall, from every 10,000 cub. ft. of gas, 
BO that it would be more economical to carburet the gas witii such liquids if necessary. This fact 
is important to gas inanufacturerH, and not witiiout interest to gas consumers. If the sole object 
in distilling coal were to use ihe gas as fuel, tliere could be no advantage in this process. It 
appears quite possible tliat, by scloctnig the coal ami arranging the heats, the tar may bo enriched 
in benzol, with only a slight 8a(M’ifice in the (pantity of gas produced. The production of liquid 
hydrocarbons from coal, as a Hour(M) of profit, (J*x.'s not seem to have occurred to gas companies. The 
oornjrtimtive j>ovorty of tlie highly hitumiiunis coals in benzol and anthracene places many dis- 
tillers of Kuglish tar at u disadvantage in tlie manufacture of tliese two products. 

Toluol, Toluene, or Methyl Benzol. OoHa.CII,. — Toluol was discovered by Pelletier and 
Walther in rosin-oil, and was called by them “ Ketinnaphtha.” The name “ toluol ” was given to the 
litinhl by Deville, who obtained it by the distillation of Tolu-balsam. It exists in wood-tar ; but its 
commercial source is coal-tar. It is met with in commerce as “ rectified hiluol,” “ commercial toluol,” 
“ rosauilino benzol,” &c. Its higliest degree of rectification would ho exhibited by the fluid obtained 
in jirc paring benzol by refrigeration ; hut comiuereially it is piocured from the distillate of 
naphtha which conu's over bidweiui 107® and 121' (225® and 250® F.) ; some samples contain a dis- 
tillate going ovi'r at higher temperatnros. It is a colourless, liujpid, oily liquid, which dot-'S not 
solidify when ciM)l(al to any ordinary temperature. In odour, solvent properties, and miscibility 
with otlu^r liydrocarbous, it re-semhlcH benzol. By oxidation, it becomes benzoic acid. Its sp. gr. 
is 0 • 88 at 0® (82® F.), and 0 • 87 at 24® (75® F.) ; it lK)ils at 110® (230® F.). The value of commercial 
samples is found in the same way as benzol. It is best stored in galvanized iron drums, or glass 
carboys, as IkjuzuI. 

Xylol, Xylene, or Di-methyl Benzols. OJI, (f^|^*.—When purified coal-tar naphtha 

lUlj 

is submitted to fractional di^tillution, a liquid boiling at 139® to 140® (282® to 284® F.) is obtained. 
This was at first regarded as a pure compound ; hut reoeut resettrehos have shown it to be a mixture 
of two di-methyl bouzuls, which, having nearly the same boiling-point, cannot be separated by dis- 
tillation. They aro known us “methyl-toluol” and “iso-xylol”; the latter forms the principal 
ingredient of the solvent naphtha used hy indiarubber manufacturers. Oommercial xylol contains 
a little toluol, as it is the product of the higher distillation ^fter the commercial toluols have been 
drawn over, and consequently forms the bulk of the second light oila It is prepared by Beilsteia 
and Wahlfoss by treating the naphtha distillate which comes over at 141® (280® F.) with fuming 
sulphuric acid, after repeated treatment with acid and alkali, as in preparing benzoh paiihtha, ^c. ; 
this dissolves the xylol, which is subsequently extracted by dry distillation. 

Creosote. — The portion of the distillate which is collected a« creoacte nils I# generally sold as 
“ creosote,” without any farther treatment. It is a thick, black liquid, ucmialning principally 
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carbolic acid aud mpbthalane. Its consistency varies with the ;5roportiott of the latter ; creosote 
fiom London tar is particularly rich in it, and, in cold weather, frequently solidifies. The principal 
use to which creosote Is applied is the preservation of timber. Its value for thiei purpose depends, 
according to I>r. Lethehy, upon the following points:— It should have a density of 1*045-1*055; 
it should not deposit any crystalline matter at 4^-5"^ (40° F.) *, it sVould not yield lessjthan 5 per 
cent, of crude carbolic acid to a solution of caustic potash at 1* 070 (14° Tw.); and it should 
furnish 90 per cent, of liquid oil when distilled at315° (600° F.). Some contracts issued in 1867, by 
the Dutch Government, stipulated that the creosote should be clear, and not yield more than 40 per 
cent, of naphthalene when cooled to 0° (32° F.), and kept at that to^nperuture for Wenty-four hours. 
It should dry up with little loss, and should harden l>y oxidation when imbibed by porous 
substances. This fraction is also jrorked on for carbolic acid. 

The careasote of the druggists is a totally different product, derived from the distUlation of wood. 

Creosote oils accumulate in a works in excess of requiromeuts ; they may be utilized as fuel, in 
accordance with the patented plan of Edward Dorsett (No 176, 1868). Crude crei^sote is worth 
2/. to p. 5s. a ton. 

Naphthalene. OioHg.— This substance was discovered by Garden, in 1820, in coal-tar. It 
is formed by the destructive distillation of many organic bmlios, especially when their vapours arc 
passed through tubes heated to redness. It is found in wood-tar, and also in Kangoon petroleum ; 
it has lieen produced synthetic 4 illy by passing the vapour of phenyl-buteno dibiomide through a 
red-hot tube. Its commercial source is coal-tar. It exists most abundantly in tars from bituminous 
coals ; in lignite and boghead tars, and also the better classes of cannel tar, it is replaced by paraffin. 

In the distillation of tar for the production of crude naphtha, tlio process is arrested when a 
few drops of the distillate solidify on collection on a cool surface. The substance thou loft in the 
fftills'oontains much naphthalene and phenol. Until anthracene received commercial importance, 
this residue was distilled for creosote oils only. Tho prt^sence of naphthalene in nniihtha is shown 
by the high sp. gr. of tho residues at 160° (320° F.) ; on evaporating tliese slowly in n water bath till 
the bulk is reduced ono-half, and cooling, naphthalene is obtained ; when pressed so as to separate 
tho adhering liquid, it will be found tolerably pure. It is sold in rolls, which are obtained by casting 
the molted article in moulds ; in this form, it is supidied for carburetting gas, by the method known 
as the albo-carbon. The further purification of naphthah ne is efft^cted in tho following way. The 
material is first melted, in closed vessels, with a solutifui of caustic soda, and well agitated. Whilst 
boiling, the watery vapour carries away a considerable quantity of naphthalene, whicli should be 
collected ; as tho vapours ox)ol, it is dejiositod almost pure. Tho caustic solution and naphthalene 
are separated by cooling and compression ; after being well washed witli boiling water, the latter 
•is treatcil in a similar way with wate r acidulated with sulphuric acid. 'I’licse operations are 
repeated according to tho degree of purity rcquireil. It is then distilled in cast-iron retorts over a 
naked firo, at a temperature not much oxcet^ding 205° (401° F.). TJio residut^ will confniri much 
naphthalene; but at higher temperatures, it is contaminated with otluir products. The distilla- 
tion is carried to dryness, and tho last product is added to the crn lo naphthalene for ro-treatrnent. 

Naphthalene crystallizes easily from saturated solutions, or by sublimation, in large silvery 
white plates or scales. It melts at 79° (174° F.) into a perfectly clear Ihiuid, and, on cooling, 
solidifies into a crystalline mass. It boils at 216° (421 I.); its sj). gr. is 1*15. It is slightly 
volatile at ordinary temperatures. It bums with a Bmf)ky flame, being rich in carbon. It has been 
proposed to carburet illuminating gas with it, as already remarked. It is insoluble in water, 
alkaline solutions, and weak acids ; but is acted on by the stronger oxidizing acids. Alcohol, 
other, wood naphtha, and the liquids obtained from coal-tar, dissolvo it readily. With picric acid 
dissolved in warm alcohol, it forms a yellow solution whicli, on cooling, deposits beautiful ytdlow 
needles of picrate of naphthalene. This reaction is very characteristic. 

As naphthalene easily distils with the vapour of water, it may bo ]mrificd by heating with 
water, on a water bath, or by passing a current of steam into tho melted mass ; it condenses in 
beautiful pure scales on the Sides of the receiver, which may bo made of lead, and simply inverted 
over the other vessel. Pure naphthalene has been used medicinally : for the production of colouring 
matters, it is not necessary to carry its purification so far. Tho following plan is adopted by 
Calvert and Co. for producing it in a chemically pure state Tho material Is treated with rectified 
sulphuric acid, and heated in an iron ixit ; it is well stirred, and then allowed to cool and settle, 
when it separates into two layers, one of naphthalene at the top, and a dark, tarry mass beneath. 
The upper portion is boiled by^steam in an earthenware vessel, with frequent changes of water, 
until it is perfectly free from acid, adding a little weak soda to render it perfectly neutral. Tho 
naphthalene is then placed in a jacketed still, and distilled by stOam-beat. The distillate is col- 
lected in a large receiver, and constitutes an exceedingly pure article. 

The production of red, scarlet, yellow, and violet colouring matters from naphthalene has given it 
some importance, still its production Considerably exceeds its demand. The heavier oils being less 
imi)ortant, manufacturers mak^tho creosote oils contain os much naphthalene os possible. Only 
a tew naphthalene colours have received much application ; gonei^ly they lack brightness, fresh- 
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and permanence. 8til] there ia a wide field lor attention to naphtlialene as a eonrOe of e<4om^ 
its jjnrioe is csonsiderably below that of any of the other products used for this purpose* and it is 
more than probable that an incroasod demand for it would tend to lessen rather than enhanGe its 
cost ; it is easily purified, and its compounds are readily obtained of the necessary purity* 

The general treatment of naphthalene and its derivatives for the production of colouring matters 
consista in direct oxidation into nitro compounds, from which, by reducing agents, &c., as with 
aniline, derived cx>mi)ound8 are obtained : — 

Niiroonaphthalencs . — Four nitrated naphthalenes are known : the mono-nitro is obtained by boiling 
powdered naphthalene, or its solution in acetic acid, with ordinary nitric acid, for half aii hour; 
concentrated nitric acid yields two modifications of di-nitro; fuming nitric acid boiled with the 
(a) modification converts it into tri-nitro, of which there are three modifications ; two modifieittions 
of tetra-nitro are obtained by the continual boiling in nitric acid of the two previous corresponding 
bodies. 

Naphthylamine or Amido-naphthalene. C,oH,.NH 2 . — Two parts nitro-naphthalene and three of 
iron turnings are mixed, and acetic acid is added to cover the mixture, which should be heated so as 
U) fuse the naphlhaleno. When the reduction is ended, the mass is distilled, water and acetic acid 
firuJb come over, the receivois are changed, lime or soda is added to tlie residue, and the distillation 
is carried to dryness. The oily li({uid which comes over solidifies, and is purified by dissolving in 
Bulphurie acid and precipitating with ammonia, or, after adding soda in excess to the sulphate, dis- 
tilling with steam. It crystallizes in colourless needles, melting at 50° (122° K.); it boils at 300® 
(572° F.) ; its liydrocldoride In a, ted with aniline to 280° (530° h\) for thirty-six houi’s gives naphthyl- 
phenylamino or plu^nyl-auudo-nuphthaleno. 

Amido-azo-naphthalono, is juoduced by adding potassium nitrite to a sojutioj^ 

of amido-naphthalene hydrochloride. It crystallizes in orange needles, with a beetle-green lustre* 
its salts, which are decomposed by water, have an intense violet colour. It dyes silk a fine orange, 
turning purple when dipped into hydrochloric acid, and becoming again yellow when washed with 
water. 

i^ulpho-acids of ArpAMa/cnc.—Wlicn naphtlialeno is heated with concentrated sulphuric acid, 
three suli)ho-acid8 arc formed, viz, : — monosulpho-naphthalic acid, of wlii(‘h there are two modifica- 
tions (a and fi), and bisulpho-naphtlndio acid. By heating 5 parts naphthalene and 4 parts 
acid for some lime in a salt-water bath, the mixture will contain principally the a modification of 
the moiKvacid ; but if the heat is carried to 110°-118° (240°"-245° F.), it will yield the modifica- 
tion. The acids are first freed from the unullerod naphtlialeno, by pouring the boiling mixture into 
a large quantity of water : the naphthalene th^iarates out on cooling ; the excess of sulphuric acid ia 
removed by boiling with a little olialk, filtered to remove the sulpliate of lime; the filtrate yields 
crystals of sulplio-naphthalic acid on couceiitratioii ; llie acids are separated by conversion into lime 
salts, the latter being difiicultly soluble, whilst the former remains in the mother-liquor. The 
disulpho-acid is obtiiined by heating for several hours 1 part naphthalene and 5 acid. The removal 
of the suli)lmric acid can be effected by oxide of lea<l, the sulphate of load being insoluble, whilst 
the Hulpho-mii)hthulic salts arc separaUid by their diffcroiioits of solubility in water and alcohol. 
Th(} five acids arc obtained by di composing the h^ad solutions by sulphuretted hydrogen. 

Those acids form the stariing-pomt in the pimluctiou of several compounds which have been 
worked upon more or less for tinctorial products. The conversion of those acids into naphthulio 
alcohol, or naplithol, is thus accomplisln d Sulpho-naphthalic acid is neutralized with potash, 
after soiMiratiou of t)ie unaltered naphthalene; the suit thus obtained is fused with caustic 
potash or soda ; by tl.e addition of dilute aciils to the aqueous solutions, the napbthol is precipi- 
tated in a crystalline form, of which there are two modifications, corresponding with the sulpho-acids. 

I^aphthahmc CVi/oraifs.— Naplithalcne melts and absorbs chlorine when the latter is passed over 
it ; the dichloride, which is first formed, is a heavy pale-yellow oil ; by repeated* dislillation and 
the action of alcoholic potash, it is resolved into hydrochloric acid and mono-chloro-naphthalene. 
Tlie continued action of chlorine converts the dichlorido into tetra-cliloride. 

Kaphthalpuo Uichlorhy.liuto, C,.H, {(c'liy ‘■''‘aine'l l>y diesel ving naphtliftleno in concentrated 

hypiKjhlorous acid. Naphthalene, treated in the cold with a mixture of hydrochloric acid and 
chlorate of potash, is tmusformed into naphthalouo dicliloride, and di-chloro-naphthaquinone. 

rhthaiic Anhydriik. CJl^O^.—This is proiluced by the action of nitric acid on dichloride of 
naphtlmlene. When the diohloridc of naphthalene is treated with boiling nitric acid, it dissolves 
slowly, with evolution of nitrous acid. The solution deposits crystals on cooling. These crystals 
arc purified by recrystallizatinu from boiling water: Urn mother-liquor containsoxidic acid. Pure 
phthaiic acid Crystallizes in white nacreous laminie, arranged in rounded groupe. It is sparingly 
soluble in cold water, but dissolves easily in alcohol and ether. By distil|atioa, it is converted into 
phthaiic anhydride. 

Anthracene, or Baranaphthalene. C„H„.--This laefc product of com- 
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nwwdftl Imjportooe obtained in the distillation of tar. It corar^enoeB to go ow al abowt 171® 
(340° F.), and^as the temperature is raisetl, it is contaminated Wro or less with the heavier oils ; 
this constitutes the “ Green oils.” In its crude state, it contains naphthalene, pheuanthrene, creosote, 
&c., from which it is separated, in the first instance, by straining, and finally, when it is well 
drained, by submitting it to pressure. It is then in the form of fli irregular pieces, about IJ in, 
thick, with a slight greenish colour ; exposed to the air, it ohangt s colour, passing to a dirty-brown. 
The percentage of anthracene in this crude product is about 30. A great difficulty in its purifloa* 
tion arises from its'being nearly insoluble in ordinary solvents. Jt may be freed from the ^eater 
part of the liquid oils by moans of a filter press. The same end is attained by pumping it up into 
bags, suspended over a sliallow tank; wlien well druinod, air is pumped through, and forces out 
a furtier quantity of the adheripg oily liquids. On a small scale, these oils are driven off by 
centrifugals. 

In the treatment of green oils for recovery of anthracene, the following method is usually 
followed on the large scale, though slight modifications may ,bo made according to the plant 
employed, and the degree of purification required. The oils are completely cooled ; this facilitates 
tiie sepai’ation of the anthracene, and reduces the solvent action of its jissociated oils, so timt they 
present the appearance of a soft buttery mass, in which are scattered, mote or loss, grains,, of 
anthracene, which may even give the mass a granular as|X)ct. They are pumped into a series of 
pt|>es a, b (Fig. 483), furnished witli “J" pieces opening at the bottom, and to which aro attached 
strong canvas or flax bags d, to receive and filter the oils. These bags are 3 ft. or 4 ft. long, and 
are stitched with packthreads, which can be drawn out, sorb too]>en 
them lengthwise for the removal of their contents. Tlic pipes are 
4 in. diameter ; the X pieces may bo 8 or 10 in. apart; at the 2 , 

dhd of each, is a collar c, for attaching the bags. A shallow tank o 
receives tho liquid filtering from the bugs, and rctiiriiH it to tbo 
stills or the store tanks. At first, a largo quantity of liquhl comes 
away ; after a short time, tho bags aro well distended by tho oils 
being forced into them. As the solids accumulate, the liquids 
cannot so freely escape; they aro then allow e<l to drain for some 
hours, after which tiicy are removed to a powerful hydraulic press, 
which squeezes out a further quantity of the liquid oils. Since the 
adhering oils, when heated, readily dissolve the anthracene, cold pressure must be first used, to 
remove the liquids ; hot pressure may be employed to complete the operation. 

The whole treatment of crude anthracene is open to very great improvement. Crude anthracene 
submitted to tho same process of refining will have a higher percentage in summer than in winter, 
because of its diminished solubility in the adhering oils. It is further purified by being very 
finely powdered, and agitated with about 25 per cent, of Jiigh boiling naphtha, or “solvent,” 
(petroleum is sometimes used instead), submitted to straining, pressing, &c., as before. The 
washing increases its percentage value from 20-25 to ,30-35. Th wasldng procvsn is repeated two 
or three times, in closed iron cylinders fitted with mechanical agitators. The principal aim is to 
obtain the anthracene as finely divided as iwssjble, and to bring ovory jiortion well into contact 
with the naphtha. For the final washing, tho anthracene is sublimed, so as to obtain it in as fine a 
powder as possible. 

Anthracene from Pitch, — It has been proposed by Fenner and Versmunn (1871), and Ijucas 
(1872, No. 747), to obtain it by distilling pitch to coking. Whether this can bo made a profitable 
operation must depend upon the quantities obtained ; some cf)alH yiidd considerably greater quantities 
of anthracene than others. Kopp says that the soft pitch from the gas ust^d in Turin oonhiins aa 
much as 4 or 0 jiercent., which is three or four times flu* amount prosont in tar. It lifts been fluggesU?d 
to distil Boft coal-tar pitch with superheated steam, for the firoduction of anthracene, and this plan 
has been tried on a working 8<*ale with varying success; but the procesH does not uppt^ar to be 
carried out to any great extent, though it is one which commaiiils atU ntion. In distilling pitch 
to coking, certain diwidvautages are said to ari.so. Anthracene is drawn over between 171° and 
871° (840° and 700° F.), and the 'stills are emptied wliilst tbo residue is still liquid, If the disiib 
lation be carried to coking, tho distillate will contain much chrysoiio and pyrene, from which it is 
best freed by a 8econ4 flistiliation. It is wtdl to maintain a partial vacuum in the still by exhausting 
the vapourB. A current of superheated sh'am blown through the still docs not appear to act so 
well as exhaustion, though probably it is more convenient in most oases. I.arge quantities of 
anibraoone are now obtained thus ; the uihin precautions are to keep the stills siipjilied with melted 
pitch to one constant level, and, as the heavy vapours do not rise, to bring down the still head as 
near as possible to tho BUrfaoe of tho pitch, and to surround th^ condensing pipes with l)oiUng 
water ; the vapours are assisted over by suction or blowing. In most cases, the pitch is run into 
tho stills direct from th© tar stills. The plan aclopted on the Continent is to coke tho pitch in 
ovens or retorts of clay; on opeiiing them, the coke which is formeil is burnt oC The preliminary 
washings, are the sumo as before ; but a little more care is nooessary, Th© liquids which arc 
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ooUeoted from Ihe crude anthracene are frequently added to the creosote oils ; but as they aire 
always saturated with anthracene, some method shcmld be adopted for its recovery. 

The principles associated with crude anthracene are phenantrene, Ci 4 H]o? chrysene, 
pyrene, No colouring matters are at present made from these subshinoes, although they 

yield compounds which may eventually become eouroes of profit in this direction. When the oils 
recovered from tlve crude anthracene are distilled, there remains in the retort, after the anthracene 
has been drawn over, a soft tarry residue containing much chrysene and pyrene; this may be 
mixed with the creosote oils, or, if burnt in suitable chambers, may l^e a source of a black pigment 
for which the “ Icfst runnings ” are frecjuently employed. These residues are frequently, and with 
greater advantage, added to the pitch, for making softer kinds. 

It may be worth while to p(»int out, that tars differ widely as regards their richness inHUthra- 
cone ; as a rule, those which yield much benzol will be the best, and probably this fact may be 
usefully applied by gus companies who arc iiiterosted in working up their own refuse. There are 
many natural bitumens in which benzol and anthmeone exist ; and it is not improbs^bl© that an 
exmnination of petroleum residues may letid to some imiwrtant additions to the list of dyeing pro- 
ducts. The amount of antbracone conUtiued in a sample of the crude article is of great importance, 
sijjice it is always sold by unalysiH. Its point of fusion will apprf)xiinately indicate the amount of 
the oily impurities; these may be ahscjibcid by iircssiug between blotting-paper in a hot-press. 
The anthracene may be washed with cold alcohol, which will further free it from naphthalene and 
other oily matters. The melting-point of the product will give a very fair idea of its purity; 
that of pure nnthrac(mc is about 210'^ (410"" F.). The only method practically used for valuiiig 
samples of anthra<^(jno is Lucia’s anthra<iuinone test. A wide-mouthed flask of sufficient capacity 
has a wide glass lube ft. long fitted into it witli a cork; the upper end of the tube is open, and 
carries a funnel furnished with a stop-cock, which regulates the flow of chromic acid solution. 
The whole is suppoitetl on a stand over a Bunsen's burner, and protected with wire gauze. One 
gramme of anthracouo is dissolved, by b<dliug with 45 c. c. glacial acetic acid, in the flask ; 10 grin, 
chromic a<nd, free from lead, in 5 c. c. glacial acetic acid and 5 c. c. water, is added gently by the 
funnel, so jis not to disturb the steady boiling, which is continued until a distinct and permanent 
groenish-yollow colour appears, or until a drop of the liquid produces a reddish 8j>ot on a piece of 
Bilvor foil. It is then coolwl, and gradually diluted with 150 c. c. water ; the authraquinono is 
precipitated, collected, ami washed with water on a filter, tlicn with hot dilute potash lye, again 
with water, dried at 100^ (212*^' F.), and weighed on the filter, which is afterwards weighed 
and'lftcd acted. Tlie o[)cratiou lasts four to six hours. To the net weight is added *01 grm., as, 
by Luck’s expi rinuaits, this quantity is taken np by the acetic acid and water used. The un- 
oxidized impurities are tlioroiighly removed, by adding drop by dro]), until the rod colour does 
not vanish, a srdutioii of permanganate i>otash to the residue on the filter; after washing it off 
into a heaker, oxalic and sulfdiuric acids am added, to remove the excess of permanganate; the 
whole is thrown into the same filler, washed to remove the acid, &c., then with dilute boiling soda 
lye and water, finally dried at 100® (212® F.) as before. Sand and other fixed impurities ore 
determined by incineration. 

Purification of AutUraoeno. — For final purification, anthracene is submitted to distillation, 
and the product coming over between H32 ' and 54ir ((jyo® and GGO® F.) is collected. The distillate 
will contixin a little anthracene before it roaohes tliese tomporaturoe ; but as the object is to obtain 
tlio article free from impurities, it is better to collect the distillate betwwii temperatures which 
will allow the maximum quantity to come over, lu the distillation of anthracene, there is always 
forinwl a large quantity of tarry matter, resulting from the decomposition of a portion of the 
authi-oceno, so that as little heat ns possible should be used. The best way of conducting this 
operation is to place the partially purified anthracene in an iron Q retort, set in brickwork, and 
heated by a furnace immediutcly underneath ; as soon as the contents boil, a current of deoxidized 
air or steam is blown through ; this carries the anthracene into a closed chamber, where it con- 
denses. Proferonce is giveii to steam : air carries the sublimate over dry, but is liable to oxidize it. 
The siiblimato is dissolved in recently-drawn naphtha, boiling at 121®~149® (250®-300'^F.); the 
naphtha is saturated at the boiling-point, jmd, on cooling, deposits the anthracene in crystals, 
which are drained, strongly pressed, dissolved in alcohol, and recrystallized. They still possess a 
slight yellow colour, which it seems is not entirely removed by rodiasolving and crystallizing ; but 
may Im removed by washing with ether, or oarlwja bisulphide, or by carefully crystallizing from 
benzol with exi) 08 uro to light. The pure crystals possess a fine blue fluorescence. Pure anthracene 
solidifies at 210^-215® (410^-420® F.); boils at 360® (680® F.); and evaporates slightly at its point 
of fusion: its vapours have a disagreeable odour, and ai-e irritating if inhaled. Alcohol and ether 
dissolve it spivringly ; benzol, readily, es^Kscially when heated ; in water, it is insoluble. It has been 
obtained syutheticdly ; and alUiough the methods for obtaining It in this way are, at present, of 
Btiiontifio rather than of practical importanoe, still the high price of the pare article, and the demand 
for its derived oolonring matters, are suffldenjt inducements for research in this direction. The 
present price of the crude article containing 60 pet cent anthiacenc Is akml 1504a ton ; the value 
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of the pure artiole would be about 15/. a lb. Improyemente in the manufacture bf this substanoe 
may be directed towards the prevention of loss in subliming or distilling ; it might be well to try 
the efiect of the superheated vapours of benrol or naphtha injected into the retorts, instead of 
steam, for the anthracene might be much more economically sublimed, even if a little loss of an 
expensive solvent were incurred. A difficulty would be met with i i the condensing ; but it does 
not appear insurmountable. 

Instead of the naphtha process, the article is sometimes purified at once by distillation ^with lime 
and caustic potash. There is a difibrenoo of opinion as to the merits of this process, ns the coking 
which takes place with steam, oven at high pressure, entails a greufc loss in wording. Experience 
generally is in favour of the distillation with potash, ani it is not improbable that, when this 
prooeis has been unsuccessful, there has been a want of proper precaution in heating the retorts, 
for as a rule, bodies volatilizing at very high temperatures require imich more care, and whilst 
•superheated steam may admit of easier adjustment, it is probable that extra care with the potash 
process would .be compensated for in the yield. 

Anthbaquinonb, or Oxtanthkacbne. C, 4 HgO.^. — By noting upon anthracene with oxidizing 
agents, anthraquinone is produced. Bromine, nitric acid, and chromic aohl, have been employed 
for the purpose. It is obtained by the action of chromic acid, set free by adding strong sulphuric 
acid to a solution of bichromate of potash ; the anthracene is dissolved in boiling acetic acid, or 
more generally in ordinary oil of vitriol free from nitric acid, and diluted with twice its bulk 
of water, in load-lined vats. The bichromate is gradually added to tho solution, when the heat 
produced is sufficient to bring about the complete reaction. When acetic acid is iiscxl, some method 
must be adopted for its recovery. The anthraquinone is precipitated by the addition of water, 
and well washed ; it separates in the form of light, silky, almost colourless needles, which are dried 
in thm layers on trays, ready for subliming ; the retorts used are similar to those for subliming 
crude anthracene. 

On the large scale, thoroughly purified anthracene is converted into anthraquinone, by placing 
it with a little water in large lead-lined wooden vats, adding bichromate potnsb, or chromic acid, 
boiling, and adding sulphuric, acetic, or nitric acid. 'I'he boiling is continued for several hours, or 
even a day or more, by injected steam, which gives the requisite agitation. It is then allowed to 
settle; and the clear liquid is siphoned off’ ; the precipitate is well washed for some days with 
boiling water, and after settling and cooling, tho water is again drawn off’, and received in other tank^ 
for further subsidence for several days. The washed anthraquinone is dried in a filter press, and is 
then a yellowish-white, silky, crystalline powder. 'I'ho solution of tho chromium salts is rtooon- 
verted into bichromate, or used in making chronie-alui i. 

The methods which have been proposed for converting anthracene into antliraquinono are: — 

(1) Anthracene, 1 part; bichromate of potash, 2| parts; concentratc'd acetic acid, lO-l.'j parts; 
heated in a clay or glass vessel at 1()0''-120° (212‘^-218^ F.), till marly all tho bichromate is 
dissolved, and the lifjuid has acquired a deep-groim cokmr. 

(2) Acetic acid is replaced by sulphuric acid diluted with 1-2 parts water. 

(Jl) Anthracene, 1 part; glacial acetic acid, 10 parts; heated to 100'^ (212*^ F.) ; nitric acid 
(sp. gr. 1*3) is added in small portions at a time till the violent reaction ceases ; tho acetic acid is 
partly recovered by distillation. The obje ction to nitric acid is tho allegenl formation of nitro- 
compemnds, wliich is said not only to irnjHide the purification of tho product, but involve a loss, 
from the conversion of the anthiw’cne into compounds incajiable of yielding alizarine. 

(4) The method proposed by F. Baeyer, to heat anthracene with 5 parts manganese to 200^^ 
(392^ F.), answers very well on a small scale, and yields the sublimed anthraquinone at one 
operation. 

The crude anthraquinone thus obtained is washed with water, dried, licated with sulphuric 
acid to 120° (248° F.), and tho carbonized matter is removed by wiAsiiing and filtering. Tho 
anthraquinone is thus raised U) 93-96 per cent., and is purified by sublimation in iron retorts fixed 
over a naked flre,*tho sublimate being blown over into the subliming charnbors by superheated 
steam. Much of the substance is decomi)osed and leaves'a fine hard coke, tho loss being about 30 per 
cent. This coke is, according to Bolley and Kopp, rich in chromium oxides; it may therefor© 
be possible that the loss is due to imperfeot washing of the antbrafiuinone ; on the small scale, it 
sublimes without leaving any residue, which may be attributed to the more easily cx>ntrol1©d htjating, 
and may suggest its being sublimed on a large scale by supplying it continuously to the retorts. 
The sublimate has a fine, silky, crystalline texture, a light-yellow colour, and contains streaks of 
reddish, crystalline matter. It is dried 6n c^anvas in heated rooms, and mixed by sifting, when 
it is ready for conversion into bromo-, ohloro-, and nitro- compounds. 

JOibf'mianthraquinoriet 0 i 4 H*Bg(O,;), is formed by the direct action of bromine on anthraquinone 
at 160° (320° F.) ; it is more conveniently made from tetra-brom-^nthracene, one part of which 
is heated with two parts chromate potash, and 5 to 6 parts eolourless nitric acid, sp. gr. 1*4, 
in a large flask, as the action is very violent at first, and the liquid frequently froths; the action is 
complete as soon as hromine vapours cease to escape. It is mixed with water, and the pale-yellow 
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) is oollooted on a filter, wadied, and recrystallized from benzol The oxidation snoeeeds as veH 
with glacial acetic and chromic acids. Dibromanthraquinone crystallizes in light yellow needles? 
and sublimes unaltered in the same form. 

Sulpk<H)ompounds, — Anthraquinone heated with sulphuric acid and mercorio nitrate) and the 
product treated with soda or potash, produces disulpho-anthraquinonic acid. 

Antliraquinone, and sulphuric acid (sp. gr. 1-848), in the proportions of 1 to 8 parts by 
weight, are heated in a glass or porcelain retort at 260° (.500° P.) till the former is completely con- 
verted, as shown by its coinploto solution in water. The mixture is then left to eool, and diluted 
with water, and the excess of sulphuric acid is removed by the cautious addition of carbonate 
lime ; the sulpliato is removed by filtration, and the filtrate U treated with carbonate soda or potash? 
to remove any traces of lirnc ; the evaporation of clear solution leaves the sulpha-acids of anthra- 
quinon© combined with the alkali. 

It has been found that there is no need to convert the anthracene first into anthraquinone ; the 
same results are attained by converting anthracene into sulpho-anthracenic acids,” and then 
oxidizing into sulpho-anthraquinonic acids. Anthracene, and sulphuric acid (sp. gr.‘l*848), in the 
proportion of 1 to 4 parts by weight, are heated for about three hours at 100° (212° F.), and the 
heat is then raised to 149'" (300° F.), and maintained till an entirely soluble product is obtained. 
This is diluted witli about three times its w-oigbt of water, and to the solution is added, for ©very 
1 lb. anthracene employed, 2-3 lb. manganic dioxide, so that on boiling, the oxidation may be 
complete. The free sulphuric acid and oxide juangancso are removed by milk of lime which 
is added till the reaction is alkaline ; carbonate soda or potasl), added to the filtrate, removes the 
lime, and yields tlie alkaliTie salt in solution. Peroxide lead, chromic acid, nitric acid, or other 
acids capable of eflfecting the (U sirod oxidation, may be employed. It is necessary, however, if the 
oxidant be soluble, to remove its excess before carrying out the second part of the process /‘nitrite 
acid may be driven ofif by evaporulioii ; chromic acid, and peroxide lead, may be acted* on by 
a current of snlpliuretted hydrogen, or sulphurous acid. According to another plan, anthracene, 
1 part, and sulphuric acid, 4-6 parts, are boiled for some time, diluted with water, and neutralized 
with earlwnate lime or baryta, or caustic alkali; the resulting sulphate's of .lime or baryta are 
removed by filtration, and the clear solution is heated at 180 ’-200° (35G°-392° F.) 

To convert anthracene into ch loro-anthracene, and afterwards into sulpho-anthraquinonic acid 
the anthracene in lino powder is spread out, in contact with chlorine, on leaden trays, for about 
twenty four Inuirs; this crude dichler-anthraocuo may he used at once, or after puiifioation by 
crystallizing from benzol. One part of it is mixed with 4-5 parts fuming sulphuric acid, and 
exooMS of binoxido mangunoHO, and Uio whole is heated at 112°-149° (234 '-300° F.) till it will 
dissolve in boiling water. The product is diluted with Ihrco or four times its bulk of water, and well 
boiled with excess of binoxido nmiigniu'se, till the diluted solution docs not appear fluorescent ; 
it is then poured otl', and milk of lime is added until the solution is filkaline; the whole is well 
boiled and filteird, and the rosiduo on the filler is well washed. Tiie filtrate is concoutrated, and 
carbonate potash or scKla is added until all the lime is precipitated. ^ 

Meister, Lucius and Bnining’s method of oxidizing anthracene into anthra- 
quiuono by nitric aeid, with formation of nitro-anthrnquinon(;s, is objected to as causing a serious 
loss; the fact, however, of this patent (1872, No. 2649) being extensively worked in England con- 
tradicts the oxistenoo of any great obstacle, even if a loss can bo established ; and it is not 
improbable that the loss (if nny) bus boon due to impurities and their subsequent elimination 
or iutormodiaie reaction due to their {.n'sence; probably tlio use of nitric acid in such quantities 
us to pnxkiwj only mono-nitro-anthraquinoiio may explain why nitric acid has not been an advan 
tageous oxidizer. Highly purified anthrac^mo, melting at 207°-210° (405°-4]0° F) is heated 
for some time willi a mixture of bichromate potash and dilute nitric acid ; the product is boiled 
for three hours witlj six parts by weight of fuming nitric acid (sp. gr. 1 *50) ; this yields a yellow 
solution ; from this, after boiling, and addition of water, is formed a yellowish precipitate which 
consists principally of dinitro-anthraquiimno. The acid liquor is filtered ofi*, And may be used 
in the oxidation of a furtlier quantity of anthriioen©. ^ 

Kitbo-benzou : NrrBo-Ton'OLa ; Nn-ao-XTLOLS.-Bonzol, toluol, nud xylol dissolTO in nitric 
acid, with evolution of heat ; on the addition of water, the nitm-compounds are obtained ae beaw 
oily liquids. * ^ 

By boiling benzol with strong nitric odd, or wi^b a mixture of otrong aulphnrio and nitric acids 
dinitro-bcnzol is formed. Toluol forma two isotocridoa with nitric add, which are separated 
by disUlbiUon: 14 nitro-toluol melts at 51° (129° F.X and boils at 237° (459° F.); l-2 nitro. 
toluol does not solidify in a freezing mixture, and boils at 223° (483° F;). BinltR^toluol .-rj .t, 
in two forms : the first is produced by noting on 1 - 4 or 1 2 nitro-toluol, witti hot <v«no,«.t rT^t- d nitric 
acid, and crystallizes ftrom alcohol In long, colourless, brittle needles, at 71° (160° F 1- 

the second is obtained from 1 '8 nitro-toluol. with concentrated nitric acid, and forms long yellow 
needles, molting at 00° (140° F.). Xylol, or iso-xylol forms similar oon^u&ds.; nitre-isoxylol is a 
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pale* 3 reHow liquid, Mling at 239® (462° P.) ; the dinitro eompgu^d crystallizes fttm alcohol ia 
long, briEiant prisms, melting at 93° (199° F.); the trinitro forms colourless crystals^ melting at 
177° (361® P,). Before nitrating toluol and xylol, it is important to wash out nil traces of the 
heavy oils, iif the same way as from naphtha and benzol (q. v.), otherwise explosive compounds 
may be formed, < 

Kitro-benzol was first made on the large scale by Collas, at Paris, and was sold under the name 
of ** Essence of Mirbane.*' It is generally prepared by the action of two parts fuming nitric acid 
and one part concentrated sulphuric acid; the benzol is placed in the still, and the acids are 
gradually added, with agitation ; the nitric acid must be applietl slowly, until red fumes appear. 
The end of the reaction ip indicated by the liquid brooming colourless, or nearly so, and separating 
into two distinct strata, on the addition of water. 

Figs. 484 and 485 represent one of a series of apparatus defci-'ril>ed by Perkins (Cantor Lectures) 
as being used for its manufacture in tide country : a, cast-iron pot standing on brickwork ; 6, outlet* 
for finished product ; c, inlet for raw materials ; 
d, an iron pipe to carry aiway nitmus fumes, 
connected with a condenser for collecting the 
benzol which is evaporated; <?, spindles of 
stirrers, worked by toothed gearing, and 
entering the pot through a water-lute supplied 
with nitro-bonzol ; the {)ot3 are cooled by 
water flowing over them, as at /. The use of 
the sulphuric acid is to take up the water 
yrhic];i is formed, thus keeping the nitric acid 
undilute, and preventing action on the jmt. 

When b is opened, a mixture of acids first 
runs out; then the nitro-benzol, which is 
washetl and distilled, if necessary. Washing 
may be effected in closed cast-iron tanks, sup- 
plied with exhausters, for drawing off* the 
nitrous fumes, and, at the bottom, with a per- 
forated serpentine coil for conveying lime water, or water, in tho form of fine spmy. The final 
washing is made with water, but the presence of a little lime is not detrimental. Distillation 
should bo performed by steam. ^ 

Nitro-benzol has generally a brown colour, but ^yhen quite pure, is a pale-yellow, strongly- 
refmetive liquid, boiling at 220° (428° F.) ; it lias a burning sweet taste, and a smell resembling 
that of oil of bitter almonds and cinnamon ; its specifie gravity in about 1 '200. 

Nitrate of soda is sometimes nsod instead of nitric acid ; in tliis (;aae, the sulphuric ac'id added 
must be sufficient to- convert the soda into tho acid sulphate. The advantage is the oonqiarativc 
inexpensive production of concentrated nitric acid. T)io sumo apparatus is up[)lical)lo. 

When properly made, the yield of nitro-benzol should be 180-185 per cent, on tho bt-nzol 
employed. Three kinds are mot with in commorcc : — “Light,” boiling l^etwoen 204° and 210° 
(400° and 410° F.), c^onstituting the “ essence of mirbane,*’ and used for scenting common soaps, and 
iu low-class perfumery; “heavy,’ boding between 210° and 220° (410° and 428° F.), possessing a 
fatty smell and rather dark colour, used chiefly for tho preparation of aniline reds ; “ very heavy,’* 
boiling between 221° and 285° (480° and 45.5° F.), with disagreeable smell, end cliiefly ust^d for 
colours requiring high-boiling anilines. The essence of mirbane is sold ns artificial oil of bitter 
jilmonds. 

Aniline, Oells.NHj. — This suhstancG was discovered in 1826, by Unvordorben, who obtained it 
from indigo, hence its name, anil, being tho Portuguese for indigo. It exists in the heavier tar- 
oils ; but its extraction from them is a matter of scientific curiosity rather than of commorcinl 
importance, and its quantity is too small to comix>te with nitro-l>enzol. By tlie aelion of reducing 
agents, nitro-benzol is converted into “aniline,’* or “ amido-benzol.*’ The jifoccss generally used 
for the commercial production of aniline, ia, with slight modifications, that known as B^champ*s. 
In a capacious retort are mixed 1 {mrt by weight of nitro-benzol, 1*2 part of iron-filings, and 
acetic acid (1’068 sp. gr.) equal in volume to tho nitro-lxmzol. A reaction immediately com- 
mences, with active effervescence, acoompaniod by a rise of temperature. To prevent the passing 
over of the acetic acid, it is well to cool the retort. Whatever may have passed over sliould be 
returned, and, after a little time, tho d&tillation may be begun. The product will consist of 
aniline, acetate of aniline, and acotaniline, the last appearing towards tho end of the oj>eration. 
A little milk of lime, or potash, added before distilling, will greatly prevent the passing over of 
the two last. By using acetate of protoxide of iron, the action lias been rendered less energetic, and 
more controllable. The yield of aniline will l>e 60-65 per cent, on the nitro-bdnzul used. 

The main points in the commercial production of aniline are practically tho same ; but scarcely 
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two nmnufacturew adopt the same details. The stiperiorlty of many of Ihe aniline ctdotnw depends 
Upon the quality of the aniline employed, which is generally subjected to one or rkore raestifications. 
This is performed by distilling, and collecting the distillates separately, the portion riohest in benaol- 
aniline being collected between 182° and 199° (360° and 390° F.). It is difficult, by fraetionizing, to 
free aniline from toluidine, oonsf^quently high-class benzols should be used for low-boiling anilinea. 

Some manufacturers reduce the nitro-benzol to crude aniline in separate vessels, and distil in 


special retorts ; this is not necessary, and the two operations are usually performed in the same vessel. 
A gimt advantage in this consists in obtaining the aniline at one operation ; the unaltered benzol is 
collected, and rotunied to the still, until the reduction is complete, when direct heat may be applied, 
and the aniline may be drawn over sufficiently pure without further ^ctification by distilling, 
unless fur the very finest class anilines. In this case, a little lime is thrown into the still before 
drawing over the aniline. Much depends upon the extent of the operations i a method which 
would he far from economical on a small scale, may ho the only one practicable on au extensive 
scale. On a small scale, it is better to work with nitro-bcnzol suited to the spc^cial deseription of 


aniline required, and to work it off in one still, as 
into masonry, with a furnace so constructed as 1 
co^r, which is bolted on, passes the spindle a of 
the agitator 6, which rotates during the whole 
time lliat the conversion is going on ; a bent 
tube or still head r;, fitted to the cover, conveys 
the vapour to a properly crMd(,d con<lcn8er. Be- 
fore the cover is bolt<!d on, it is nsual to put 
into the still the resquirod quantity of iron- 
turnings, otherwise a suitable opening d must be 
loft, ONpecially for continuous working, to avoid 
removing the cover (‘very time the still is filled. 
A small opening r, provided with a stop-cock, and 
cominuniealing with th(3 nitro-bcnzol r(‘sorvoir, 
enables this li(inid to be delivi red as reciuirod, 
at or near the bottom of the vessel, so as to avoid 
its eva])nration h(.^foro coming into contact witli 
the iron-turnings. A quantity of a(j(‘tio acid is 
poured over the turnings, eitln'r all at ouc( or 
gradually. It is HornetimcH rephu'od hy h}j'ro- 
chloric acid, whoso more onorgi'tic action reqnres 
it to he added more cautiously. The lu^at gemv 


shown in Fig. 486. A cylindrical still A is fitted 
o avoid direct action of the fire. Through tho 


486 . 

X. 



rated will drive some unaltered nitro-bcnzol into 


tho condenser ; this should be poured back again. Tho agitator should be worked gently, and at 
intiTvals, as roipiiretl. As tho nitro-bcnzol is added, tho boat increases, and when no further 


(uigmentatiou of heat is porc'oived, thi^ reaction may bo considered almost complete ; this, how- 
ever, will depend uixm the way in which the operation has been conducted. The main pre- 
caution is tho prevention of volatilization, until tlu^ whole of the nitro-bcnzol is reduced ; in order 


to Btxsure this more eib’ctually, it is bettor to add tho liijuids alternately at intervals, and to keep 
them well cooled and agitated. 


"When the liquids wliicli pass into the condenser remain clear on tho addition of hydrochloric 
acid, it may he assunu'd that all tho nitro-lx'iizol is reduced ; and tho distillation may be cora- 
nicnoed, by lighting the firn under tlic still. The spindle a is hollow, so ns to admit the steam fronj 
tho pipe /i/ for distilling. A little care will remove most of tho difficulties of the process; and, by 
giving a little extra time for working off tho elmrgo, a product can be obtained, which, by one recti- 
fication, will yield an aniline of sufficient purity for almost any purpose. The aniline can bo freed 
from tho mass by oeoasionally stirring with tho agitator. 

Orud© aniline is generally fmetionized by the colour manufacturer, who is often in a position to 
supply himself with unifines which ho could purchase only at a highly enhanced cost. 

Aniline is a liini>id liquid, with strong refracting power, colourless when pure, but generally of 
a pale-sUerry colour, which rapidly turns brown on exposure to air and light; it possessos an agree- 
able, aromatic, vinous qdour ; it bums slowly and with a smoky flame, at ordinary temperatures, but 
with great violence when strongly heated; its sp. gr. is 1*02 at 16° (61° F.); it boils at 182° 
(3G0° F.) ; it forms woll-definod salts with acids, wliich furnishes a means of separaililig it from any 
untiUored l)©nzol ; it is very poisonous ; its sulphate has been used medicinally. 

CommoToial anilines are of variable character, and consist principally of anilino, para-toluidine, 
meta-toluidine, xylidines, and cumidines. Light aniline oils distil generally at about 162° (369° F.), 
the heavy oils, alxive this point ; the term ** antllne-laiUngs** is applied to the heaviest oils, of high 
boiling-points. Tables have been drawn up, showing the proportion of hhwvy and light aniline 



ANILINES. 


657 


oils for different idiadee nf oolonr ; but they are soeroely re)ial>l 0 w Beimann saye that the best oil 
for ‘^fuchsine” is that yielding 61 per cent, of distillate between and 190® (S[65® and 874® F.), 
and 28*5 pOToent between 190® and 205° (874° and 401° F.); Girard and De Laire state that ^the 
most suitable oils are those containing about equal quantities of true aniline and toluidine, and 
yielding 10 per cent, between 182° and 185° (SCO® and 365° F.)^ 40 per cent, between 185® and 
195® (866® and 383® P.), and 10 per cent, between 195® and 200® (383° and 392® F.) ; Kopp says the 
best ** fuohsine ” oils are those which almost wholly pass over between 185® and 210° (86^ and 
410® F.) ; while Hofmann found that various specimens of the oils actually in use on the lar Jlsoale 
boiled between 182® and 220® (360" and 428® F.). 

These anilines, or ** aniline oils,” as they are called, .serve for the industrial production of the 
“ aniline colours,” or “toluidine colours,” of which the principal arc — 1. Red: rosaniline or 
magenta, toluidine, xylidino, &c. ; 2. Blue: phenyl-rosanilin'. s, diplieiiylamine, toluidine, aldehyde, 
&c. ; -8. Violet : rosauilino, mauve, phenyl, ethyl, methyl, &c. ; 4. Gnon : ioiUuc, anilint), loucauiline, 
chrysotoluidine, aldehyde, toluidine, methyl-aniline, &c. ; 5. Yellow, (lud orange : Icucaniliue, 
phenylamine, &o. ; 6, Brown: chrysotoluidine, &c. ; 7. Blacks: aniline, toliiidiiio, &c. ; 8. Greys, 
Aniline readily combines with the iodides and bromides of alcx.hol radicals • it comports itself in 
this reaction like an “ amine,” and, for this reason, was formerly called “ j»honyl-amine.” 'IJhe 
names of these aniline products ore made up of a prefix from the name of the alcohol employed and 
the terminal aniline.” 

( H • 

Clf * — aniline is mixed with methyl-iodide, a violent reaction sots 

in, accompanied by copious effervcseence, so that on mixing it is best to agitate the vessel, to faci- 
litate the escape of the vapours; on cooling, the mass solidifies into crystals of methyl-aniline 
fiydri^ide. It is also produced, together with dimetiiylamine, l)y treating aniline hydrochloride 
with methybalcohol under grout prcHsnre in a “ cohobator.” 'J’h(' bjiso (metli} lanilo) is obtained frec» 
by adding caustic polaeh, and distilling. It is a colourless Ikpiid, resembling aniline, and boiling at 
193® (378® F.); it gives a blue coloration with bleaching powder ; and fonus salts having a striking 
resemblance to aniline. The aniido derivative of dimethyl-aniline, or dimethyl-phenylene-diamine, 
is converted into a blue colouring matter, by Caro (1877, No. 375J), by odding a solution of ferric 
chloride to tlie acid fied and diluted solution, and passing a current of sulphuretted hydrogen, uuUl 
the colour is produced. 

Ethyl-aniline, CaH^N • — When anhydrous aniline and bromide of ethyl are mixed to- 

gether, and slightly heated in a flask, so as to allow the bromide of ethyl which evaporates to fall 
back again into the aniline, the mixture soon boils, ami, on cooling, becomes a crystalline mass. If 
tliis product is mixed with a solution of caustic potash, and distilh‘<I, tlien^ will be obtained a clear 
colourless liquid, readily turning browm on*expo.suro to the air, and boiling at 204® (400® F.). It 
does not yield a violet colour with ulkaluie hyiwchlorites. Its salts arc readily soluble, and with 
difficulty crystullizabh'. 

Di-cthyl-aniline. CflUaN^CaHslj, -This is obtained by acting on mono-cthyl-aniline with bro- 
mide or iodide of ethyl in excess. At ordinary temperatures, the bromhydrato of di-othyl-anilino 
requires four or five days to separate out ; it boils at 157° (315® F.). 

A simple cohobator is shown in Fig. 487 ; it consists mainly of a digosler A, made of copper, 
for high pressures, and connected witl» a worm B, where all vapours given off are condensed, and, 
by opening the cock (1 and closing 0% are 
returned to the digester: by closing O and 
opening O', they can be collected in D. G is 
a pressure gauge, and V, a safety valve. The 
cock 8 is opened for relieving ])rcs8ure, or for 
distillation. The two parts of A, which are 
nearly spherical, ore firmly bolted together. 

A st^m pipe P admits steam, when iickjcs- 
Sary, to carry off any of the products. When 
the whole of the materials Ciiimot be placed in 
the digester at one time, a tube is fixed to the 
top, and is supplfod with two cocks; the 
lower one is first shut and the upper one is 
opened, when a supply of the ingredilonts 
oooiipies the space between them; then by 
closing the upper cock and opening the lower one. the supply can flow in at any required rate. 
A pipe and stop-oook, communicating with the digester and tubSi render the pressure the same 
in both when the upper cock is closed 

Poirrier and Qhappat prepare alcoholused anilines without the nm of iodine or bromine. Hydro- 
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clilofttte of aniline, or any other salt of this base or its homologuos, and the aleoh(A of which it is 
dedred to obtain the radical, are heated in a close yessel under pressure. Alcoholic salts and 
aniline may be treated in the same way, with the same results. Methyl-alcohol treated with the 
hydroohlorate of aniline requires 175^-210® (S47°-410‘^ F.) for three- or four hours, and a longer 
period will do no barm ; but.at 2.50°-300® (482''-572° F.), one or two hours will suffice. Hydrobro- 
miito, or hydru>date of aniline may he used, and r^uires only 100^-200^ (2l2®-392® F.). The pro- 
porti(^ axe 100-150 parts alcohol to 100 parts aniline salt. The operation produces a salt of the 
new ffiilino base, according to tbci acid oinployf d ; tliis salt is decomposed by soda or potash, and 
yields a mixture of alkaloids, containing one or more moJooules of the alcohol radical. These are 
iK^paratod by fractional distillation. The portion {mssing over at or about 192° (378° F.) is methyl- 
aniline (supposing methyl -alcohol to have been used), and that at 202° (396° F.) is di-methyl- 
anilino. The products above these points are mcthyl-toluols, -xylols, &c. ; corresponding to the 
quality of anilino employed. Aniline, 100 parts; chloride ammonium, 80-100 parts; and alcohol, 
100-150 parts, heated to 275''’-300° (527°-572^ F.), for two or four hours, yield a liquid separating 
into two layers, of which the oily supernatant one is their new alkaloid. 

Monogamy Uiniline. ClJIa.CftHn.NH.-— A inixturo of aniline and bromido-amyl is allowed to 
st{^nd for a few days, when crystals of hydrobroniato of amyl-aniline separate out ; these are decom- 
posed by potash, wdion the base is (jblained free by distillation. It is a colourless, oily liquid, smelling 
of roses, and boiling at 258° (400° F.) ; it forme, with many acids, crystal lizahle salts, not easily 
solubjo. 


Di-amyUanUuw, CflllaNlCall,,),. — By heating the above at 100° (212° F.) with bromide amyl, 
crystals of liydrobroiuato of di-ainyl-anilinu are formed ; from these, the base may bo obtained by 
distilling with i)otasb ; it boils at 275°-280° (527-r)3(J° F.), and yields sparingly soluble salts. 


AcctaniMc^ accianiliiw^ or acciyl-phcnyUaminc. 


jCyiaOj N. — This substance may be obtained by 


the action of acetyl chloride or acetic anhydride upon anilino, or by the distillation of acetate of 
aniline, hemee its occurrence in crude aniline wbicli has been distilled without lime. According to 
Grcville Williams, it is prepared ns fellow’s; — Glacial acetic acid and aniline are mixed in equal 
proportions, and distilled ; the distillate is returned till it begins to deposit in crystals near the 
outlet of the still ; when the r(KH‘iver is changed, the head of the still is kept warm, and the 
distillation is prf)ooeded with. The yield of acelaiiiline ( quals the weight of acetic acid employed. 
It is sparingly soluble in cold water, and crystallizes, from a boilitig solution, in shining plates, 
molting at 106° (223° F.), and boiling at 202° (558° F.). It Ix'gins to volatilize at 100° (212° F.), 
and sublimes nt 200° (392° F.). 

Ou adding 80 parts water to a mixture of acetanilinc and aceto-toluidine dissolved in four 
parts glacial acetic acid, the acoto-tohudine precipitates by standing, whilst the ncetaniline remains 
in solution. This may be couvoniontly employed for the separation of anilino and toluidine in the 
oxuiniruxiion of a sample of anilino, when greater accuracy is necessary than can be obtained by 
fraction i/ing. 

Am\(h-azo-bcnzol. CuTIj.Ns.CaH^.NTI.^. — This is produced by passing nitrogen trloxido into a 
warm solution of anilino, and by reducing mono-nitro-azo-bcnzol w’ith ammonium sulphide. It 
orystiUlizoB from alcohol in yellow needles, which sublime at a high temperature ; it is a w’eak base, 
forming salts of a red or violet colour. It is the coimnerciul source of “ aniline yellow ” (q, v.). 
ten Nil 

Tr%^nmido-azo~henzoL \nI 1 ) ’ — hydrochloride of this base forms the principal 


portion of phonylono-hrown,” or “ Manchoslor-hrowu,*' which is manufactured by adding a 
solution of sodium nitrate to a cold solution of para-amido-azu- benzol hydrochloride. Boo pheny- 
leiic-brown. 


Dip}wnylamine, or Pkenylaniline^ 



N. — This is fonned when a mixture of aniline and anilino 


hydrochloride is heated under pressure. It is a crystalline solid, melting at 45° (113° F.), and 
boiling at 810° (590° F.) ; possessing a pwuliar and agreeable smell ; and forming salts, which are 
decomposed by water. ItViUi nitric acid, it yields an intensely blue liquid. Hofmanu obtained it 
by the dry distillation of triplmnyl-rosaniline. It is found in the distillate at 280° -300° 
(580°-r)72° F,). and, when mixed with hydrochloric acid, forms the solid chloride of diphenylamine, 
which is not soluble readily in this acid ; it is purified by washing iu alcohol, and crystallizing in 
needles from its solution in petroleum spirit ; on exposuic to the air, these crystals turn blue. By 
treatment with ammoniti, it sexmrates as a colourless, oily liquid, passing qui^ly into a crystalline 


mass. 

mtohiyl'^mine^ Phmyl-toluyl-amino^ and Dipkmylafnim>'^Th&3i& substanoes are prepared in a wrought- 
iron spherical digester, supplied with safety valve, pressure gauge, tJ&ersiiOineter’tabe, and a screw- 
plug, or large stop^^Mck oonnected with a condenser. The oapaolty of the vessel Is almut twice the 
bulk of liquids to be operated upon ; small quantities should bo d^t with, A^ut 70 kilo, anhydrous 
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aniline hydrooMoride, and 50 Mlo. aniline are heated together for t^o hcmra at 200^ (892*^ F.), while 
the oondraser is connected. The heat is gradually raised to 2J 5P-2io^ (4l2°-428^ F.) ; the outlet is 
then closed, and the heat is raised to 250® (489® F.), this pressure being 10-15J atthoa. The operation 
lasts twelve hours ; during six hours; the heat is gradually raised from 240° to 260° (464°-500° F.), 
and th« pressune from 8 to 5 or 6 atmos. The yield should be 60-75 per,.c*"nt. on the weight of aniline 
employed. The liquids which pass over consist princiim-lly of water and hydrochloric acid, aniline, 
&c., and are not returned to the digester. AftOT cooling, the crude mass is dissolved in 70, kilo, 
cold hydrochloric acid, and the solution, filtered if necessary, is poured into 800-400 lit. Water, 
and left to settle for twelve hours. The hydroclilorate of diphon^ laraiuo is decomposed ; tho 
liberated base falls to the bottom, and the hydroclilorate of aniline, remaining in solution, is 
recovered by evaporation. The diphonylamine is first washed with a little boiling water, and 
then with a weak solution of caustic soda; it is finally crystallized from its solution in alcohol, or 
light petroleum spirit. If toliiidine and its hydrochloratc are heakd in tlie same way, ditoluylamiiio 
is obtained. When aniline or aniline salt is heated with tolnidine or a toluidino salt, phenyl- 
toluylamine is obtained. Commercial diphenylaniine is thus a mixture of dipheiiyl-ditoluyl, and 
phenyl-toluyl-amine ; from it, diphonylamine blue is obtained, by oxidation (*r abstraction of 
liydrogen. Ditoluylamine gives a blue with a brownish-rod tint, and phenyl-tolnyl-amine gives ai 
bluish or blue-violet; but a mixture of tho two, in the proportions of 11 to 18, yields a lino pure 
blue. It is essential that the ammonia generated by the reaction should be removed from the 
digester ; otherwise a loss of 80-40 per cent, upon tho product is incurred. 

MethyUdiphenyUamiiu!. (0<,H4)jjNCH,. — This base, accor«iing to 0. Bardy (No. 876, 1870), is 
obtained by reacting upon diphonylamine or its salts, with methyl-alcohol, or its substitution 
products, at variable temperatures according to the substance (mployed. The product is treated 
with caustic alkali. Whatever process be omploye<l, the new base is an oily substance, even at 0° 
(82° F.) ; its boiling-point is near that of diphcnylnmine, from which it is very ensily distinguished, 
by the fact that with nitric acid it develops a colour identical with that of {)ormanganute potash. 
It is transformed into colouring matters, by treatment with any substance capable of eliminating 
hydrogqp, whether directly or indirectly, to which reaction it very readily submits. Nitrate moroiiry 
at about 40° (101° F.), eoifietimos acts so powerfully that tho mixture begins to burn. Porelilorid© 
iron, at about 100° (212° F.), rapidly transforms it into a resinous substance, of brownish-red tint, 
which, when dissolved in alcchol, becomes a pure blue. Heated to 190°-200° (874°-3U2° F.) with 
sesquichloride carbon, it quickly gives a resinous substance, whic'li afibrds a roddiBh-bluo colour 
when dissolved in alcohol ; hydrcxjhloric acid precipitate's the blue colour of the solution, wbilo a 
violet colour remains in the mother-liquor. The proportions of the rcag(5nt8 may vary between 
wide limits without preventing tho production of the colours. These latter are purified in the sumo 
Way as aniline colours. Their solutions act directly as dyes. 

Methyt-henzyUdiphenyl-ainiw. — Girard and Do I^iro (1800, No. {i075) thus jircpare this sub- 
stauco: in a digester, are heated 1^-3 parts chloride or broinitle of benzol, or its homoh^gucs, 
with 1 part methyl-aniline or it4j homohignes, at 210° (410' F.) i>y using a jin'ssuro of about 
15 lb. in tho same apparatus, the proportions may hi; l.jr : 2, the operation, in each ca.MC, lasting 
about three hours ; the same result is gaine d by leaving tlio inixtum to itself for several days at 
the ordinary temperature. The product is purified by washing with caustic soda aud water, and 
distilling if required. 

Toluidine^ Toluylamme^ or Amido-Uduol. C^H/CIIaNIIa). — TJioro arc two methods of obtaining 
this base on tho commercial scale; by reducing nitro-toluol, and by separating bases in commercial 
aniline; as the pure article is not roqiured, the latter method is the one generally adopted, tho 
product being moro or loss pure according to the limits between the fractionizings, Brimnu^yr 
takes the fraction of oornmorcial aniline which comes over in two successive fractionizings btdwoen 
195° and 205°*(383° and 401° F.), and seimrates the bases, first converted into oxalates. Kciinann 
divides anilines into two classes, light and heavy; light or Kuph-anilinea conUiin 90 per cent, 
aniline, 5 per cent, toluidiuos, and none of tho higher homologues ; whilst Imivy or Bar-anilines 
contain 70 per cent, toluidincs, and 30 per cent, of the higher horaologues. By raixiug these or 
similar anilines together in different proportions, articles suited to all requirements may be produced. 

Heavy anilines are obtained from tho nitro -compounds of low-class Ijenzols containing much 
toluol; the lighter oil which comes over in rectifying, is kept apart for the light anilines. 
Generally, tWo distinct kinds of heavy anilines are piepared : one from tho nitro-coinixmnd of 
rectified toluol; another from tho hitro-compound of toluol, containing more or less xylol. As 
a rule, the lightest anitines give little advantage over the heavier medium oils, which cun be 
produced at much less cost, and without much sacrifice in their qualities for colour-making. From 
such oils, it is always easy to obtain the lighter oils, for blacks, &c., by c^dlecting what o<}mes over 
in the manufacture of magenta, &c. The manufreture of anilines is not generally carried on at 
tar works but is mote usually attacdied to a distinct branch of the business, in which the 
rectification of benzols, ioluols, &c., forms tho very important connecting link between tar^istilllng 
and dye-making. 
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Xy/iimt?.—' This base m$y be formed from tbe nitrb-compound ef xylol, in tbe aime way as 
ftniline from nitro-benzol, as proposed by B^cbamp. Hofmann and Martins have rendered, it 
probable that coabtar xylidine should bo considered as dimcthyl-phenylamine, OeHg(OH,) 8 KH;,. 

Many other stibstancos which exist iu coal-tar and naphtha are intentionally omitted. With 
respect to the impurities and compositions of oommerciul anilines, a few words may bo necessary ; 
so little is known of the influence of some of these so-called impurities, that it is impossible to 
direct a manufacturer in the rejection of an aniline, but it is easy to indicate for particular appli- 
cations what is required. An important fact to be borne in mind is, that aniline is not a definite 
compound to which chemical tests can be applied: purer tints and finer shades ate often due to an 
accidental circumstance ; no manufacturer, without the strictest care* can always produce exactly the 
same aniltnoH, and it is doubtful wliethcr the cost of production would be justified by the advantages 
which are supposed to arise. There is a point, however, to which the attention of the colour manu- 
facturer must be directed ; it frequently happens, with piece goods, that a singular variation of 
tint is perceptible even with the same vat of dye, and the same piece of fabric ; whether the dye- 
stuff, or fabric, or both combined, have to answer for this, ought to be determined, otherwise 
aniline dyes may have to bear the blame which sliould be laid on a careless dyer, or they may even 
bh used to detect admixtures of diffcr(«nt fibres. 

Eosaniline, — A great nuinht^r of colouring matteis bearing the names aniline red, 

magenta, axaleine, rubiiio, flolfcriuo, fnchsino, chrynlinc, ro 8 (dnc, erythrobonzine, &c., met with 
in oorruncrce, arc salts of this l)nHe in a greater or less degree of purity. By heating a mixture 
of aniline, toluidinc. and pwiiabdoluidiue with arsenic acid or otiior oxidizing agents, the crude 
colouring matter is produced. Tbe projiortioiiB geiu*rally employed in this omiutry are — aniline 
commercial, 1 part; arsenic acid, 75 per cent, dry acid, 1 a -2 paits, by weight. On the Continegt, 
801) kilo, commercial aniline are mixed with 1.-170 kilo, solution arsenic acid, 72 per cent, dry acid. 
The quantity of waUjr used must he such, that the arsenic acid solution does not deposit crystals 
on Cfxding; The aniline must contain a certain quantity of toluidinc, and is known as magenta 
aniline*’; the most suitable for good rosanilino is that boiling bet nn eon 185° and 200° (356° and 
392° F.). * 

The most approved form of apparatus for the manufacture of magenta is that described by 
H. Cant, of the firm of Evans, Cant, and Oo., of Stratford. It is shown in Figs. 488 and 489. 



Aniline and arsenio acid are introduot'd together into & U-shaped boiler with flat ends, heated by a 
furnace, and set so as to avoid direct action of the fire. The furnace door F, atwl ashpit door A, 
allow of V 017 nice regulation of the draught, which is a matter of great importance. The ends of 
tlie boiler are left ex^iosed, and in one of thorn is an aperture 0 , for emptying it; through them 
passes the spindle of the agitator G, and at the top is an opening F, and a “goose-neck** of 
ooppt r B, connected with a copper condensing worm, eont^ned in » suitable receptacle, so as to 
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collect tlie anilino Bxd water given off dtffing the heating. 'IThe great advantage of this arrange- 
ment is that the contents are removed by a small door» scoured by wronght-iron bolts and wedgeB» 
and the framework of wMch prevents waste trickling down when emptying. The charge for these 
boilers should not be more than half the capacity of the boiler ; tlie time required to Work off a 
charge of 1200 lb. aniline and 2200 lb. arsenic acid is about eig it hours. Those proportions will 
yield approximately — ^water, 730 lb. ; aniline, 370 lb. ; crude “ magenta molt/’ 2300 lb. 

It is necessary ttiat the agitators b^^ well worked even whilst the ingredients are being added, 
otherwise the mixture becomes solid, and has to be removed from the stills; hence an advantago in 
using a large proportion of aniline proper. Tine fans of the agitators should bo So arranged as to 
stir every portion of tlie mixture. Otlier oxidizing agents have been proposed, but none is so largely 
used as, nor more Successful than, arsenic acid. Tho heating should not rise above 200® (392® F.). 
The heavier unaltered aniline is removed from the molt, h»'foro emptying, by distillation with steam. 
The melt is sometimes slightly iroistoned with steam, so os to make it leave tho stHls more rapidly. 
By knocking out the wedges whicli secure the small door, the melt is receive^! in an iron pan 
(see Fig. 4^89); a piec-o of sheet iron, acting as a spout, prevents its trickling down over the furnace. 
The fire and ashpit doors being shut, the agitator is worked to assist its flowing out, the workmen 
then leave the spot so as to avoid the fumes. Tho aniline and water which come over are separated ; 
the aniline, recovered and rcctififd by distillation with a little lime, is best suited for all purposes 
requiring a low boiling aniline. The rosaniline is separated from tho crude melt, either by con- 
verting it first into a salt, or by first obtaining the base, purifying it, and then converting it into a salt. 

During tho heating in the stills, a kind of humus is formed ; this is removed from the 
colouring matter by boiling for four or five hours, with continuous agitation, in water heated by 
steam, with tho addition of very dilute hydroclilorio eeid (7 Ih. conimcToial acid to 350 gall. 
Walter).* The humus separates out, and tlie liquor is drawn off, and passed through flannel in a 
filter press: the filtrate contains hydrocldoruto of rosaniline, arsenious and ar«euic acids, and some 
chlorides of arsenic; the addition of carbonato soda neutralizes tho free acid, and the colouring 
matter is precipitated, with a little arseniate. An excess of hydrochloric acid facilitates the 
separation of tlio rosaniline salt. 

The rosaniline ooiiverte<i into hydrochlorato is purified as fellows :-~a quantity of solution con- 
taining 1 ton of the crude salt is placed in a large iron tank, t<> this is added about 1 J ton of common 
salt, in small quantities at a time, oud ilissolvod by a jet of steam let into the bottom of ilic tank by 
a tube; the hydrochlorato is almost insoluhlo in the solution of commou salt, and sepurntes on the 
surface of tho liquid, tho arsenic and arsenious acids being retained in solution as arsoniales and 
arsenites of soda. At the end of a few days, the colouring matter remaining in suspension collects on 
the top, as the liquid becomes cold, and is (lien removed. It is wuhiied with a little boiling water, to 
remove adhering salts, and is then sufiicicntly pure for many purposes. Its further purification is 
ofloctod as follows;— It is dissolved in boiling water, filtered Ihrough flanuel, and allowed to cool in 
largo tanks, in which are. .susjKaided threatls of W'ool; at the end of several days, tho salt has 
crystallized on tho threads, and on the. bottom of tho taniv ; tho former is sr»ld as “ pure ” or 
“ refined,” the latter is generally used for the manufacture of other dyes, as green or blue. 

The mother-liquor from a previous crystallization is generally used for dibsolviug tho crude 
rosaniline after tho separation of tho liumus; a crop of crude crystals is obtained, and the 
mot her -liquor, ^hich still holds much colouring matter in solution, is treated with milk of lime, to 
remove the arsenious and arsenic acids, so as to avoid the dangers of poisonous suits. Any 
colouring matter carried down with the lime is taken up by acetic acid. English rosaniline, 
made in this way, unless carefully crystallized, contains a little arsoriiato, which accounts for the 
bad effects produced on the skin by articles dyed with the impure salt. This fact proved very 
prejudicial to aniline dyes, especially for hose, a few yc^ars ago, and ought not to be overlooked by 
tho manufacturers of tar colours. The advantages of this inetliod arc absence of acid fumes during 
the boiling, portability of salt as compared with hydrochloric acid, and economy of cost. 

The method most extensively a<loptO(l is to boil tho crude magenta for several hours, with a 
large excess of lime, under pressure in an ordinary steam boih r, witli perforated agitating fans 
closely arranged, so as to thoroughly break up tho melt; any unaltered aniline is thus curried 
away and condensed, tho lime is converted into arscuite or arseniate (insoluble salts), and tho 
rosaniline is obtained free by filtering whilst liolling hot. On cooling, a crop of impure crystals is 
deptwiled, tho mother-liquor is repeatedly concentrated for fresh crops, or is used for boiling with 
fresh melt. It is better to exhaust the lime residues by boiling and washing than to extract the 
remaining rosaniline by acids, as is frequently done. Wilson and Cant dige st the crude base with 
commercial benzol, which takes up the resinous or gummy matters — chrysaniline and chrysotolui- 
dine; these are recovercKi by driving off the benzol, and, after purification in the usual way, are 
sold os “ phosphine.” The rosaniline is converted into hydrochlorate by the addition of acid ; 
an excess precipitates the salt for the finer class of dyes ; it is washed with solution of common 
salt, and recrystallized ; by repeating the operation, different quaBties of dye are obtained. 
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Treatnmt of Magmta ^e»idu 0 s,^ln the ordioafy manufactore of roeanilioe) ohryscMuidifie, 
tnaovtmilino, and violanilino are eimtiltaiieoiigly formed ; the separation of those not only enables a 
manufacturer to enhance the beauty of his reds, but by their separation and purification, he obtains 
a great variety of colouring matters, at companiitively little expense. The separation of these bases 
depends upon their solubiUiies in the menstrua employed. In boiling hydrochloric acid, diluted 
with 2} times its bulk of water, rosanlline is nearly insoluble, while the other bases are readily 
soluble ; on cooling, mauvaniline, and a little rosaniline, separate out as hydrochlorates. Ohryso- 
toluidino is soluble in an acid solution of common salt, from which mauvaniline and rosaniline are 
precipitated. By neutralizing this solution with soda, chrysotoluidine precipitates (or violaniline) 
may l)e separated from chrysotoluidine and mauvaniline ; by dissolving these bases in aniline, and 
just saturating with hydrochloric or acetic acid, the violaniline is precipitated ; the filtrate is diluted, 
and mixed with common salt, by which mauvatiiline is thrown down ; caustic soda in excess preci- 
pitates chrysotoluidine, and the aniline is recovered by distillation. 

Girard and Do Luire proceed thus : — On boiling 1000 kilo, with 12,000 kilo, water, and.500 kilo, 
ordinary hydrochloric acid, the violanilino is taken up; 125 kilo, of the same acid is added to the 
boiling filtrate, which, on cooling, deposits hydrochlorate mauvaniline, with a little rosaniline and 
rt^sitious matter ; 025 kilo, common salt added to this filtrate throws down a little mauvaniline, 
and rosaniline suits ; the niothcr-lu]Uor, treated with 83 kilo, carbonate soda, soon deposits salts 
of rosaniline, and a little chrysotoluidine; the further addiiion of 37h kilo, carbonate gives a 
precipitate consisting almost entirely of chrysotoluidine; in this way, 5-10 per cent, of colouring 
imittor may be recovfired from ti )0 waste of the crude rosaniline. The separation is more easy and 
economical if all Uuj rosuniiiuo bo extracted by l)oiling, as for the crude article. The further treat- 
ment of these matters with acid, common salt, and carbonate of soda, will yi<dd different colouring 
matters, which will be noted in their proper places. See Itosaniline, Violet, Yellow, and Brown. ' 

Lcucanilinc, CagllaiNj, — On boiling an acid solution of rosaniline with zinc, or mixing it with 
ammonium sulphide, it giadually becomes colourless, and a yellow resinous substance is deiwsited. 
Tills is cruMliud, washed with water, and dissolved in weak hydrochloric acid; the addition of 
strong acid jm^-ipitates (ho hydrochlorate of this base. Ammonia, added to a solution of this salt, 
yields the pure base, which is a white powder, easily soluble in alcohol. By oxidation, it yields 
brown <’olouring matlors (q. v.). 

Guranosine , — Luthringor has given this name to a red derived from magenta in the following 
way; — I uilo. of the crystallized hydroidilorato is dissolved in 1000 lit. boiling water, filtered hot, 
and left to cool to (lUr F.); 4^ kilo, anhydious binoxide barium, powdered, and 35 lit. exAd 
water, arc stirred (ogetlicr in an oartlnonvarc vessel ; over this is poured 10 kilo, sulphuric acid, 
and th(» wdiolo is well .stirred for a minute or so. The solution of mngentn is then added to this mix- 
ture, svitli agitation; it instantly change's to a yellow citron colour, and, after 2-3 minutes, passes to a 
slight rt cldish tint. The sulj»liato and peroxide barium are st'paratod by filtering, and the filtrate is 
allowed to eof)l. It is tlieii placed in a wooden, or tiunod copp(‘r, vat, ami heated to boiling ; as the 
temp('raturo rises, the red is developed, and reaches jwrfectiou at the boiling-point. It is boiled for 
two or three minutes, filtered, and left to cool ; the filtrate contains the gcranosirio, ready for use. 

Ulrich's Scarlet . — A colouring matter very similar to the above is obtained from 4 parts acetate 
rosanllino ami 3 parts nitrate lead, dissolved in Ixuling water, and afterwards evaporated to dryness. 
The dry mass is heaUnl at l lir-lil'.r (30U^-33h'' F.) until it passes to a complete violet colour. 
Alter cooling, it is boih d for some time in water slightly acidulated with sulphuric acid. The 
Bolutiou is tlu'n neiitinlizt'd w ith soda or polaslg andliltcrtsl whilst boiling. The colouring matter 
passes into the solutitai, ami maybe Beparated by the addition of salt, recovered on a filter, washod, 
ami <lried, it can be made to yield a rose-red substance, by eth>lation or methylation; its 
8o)ntu*u in alcohol is mixed with iodide methyl or etliyl, and heated for some time in a closed 
vi'Shcl ut Hi)’' F.): frcmi the product, the colouring matter can be extracted in the same way 

us Hofmann’s violet Op v.). It is used for dyeing, In the same solvents. 

(Safranim.—ThiB name is given to a colouring matter which has been used for some time for 
dyeing silk ; it gives a fine red colour with a tinge of sc'Airlet, 

Aiaido-azo-l)ouzol and amido-azo-toluol are oxidized by bichromate of potash, and the crude 
safranino produced is boiled in water containing soda or lime, in which the violet colouring matter 
is insoluble, whilst the safrauino is taken up. The liquid is filtered, and slightly acidified with 
hytbroohlorio acid, by which the safranine is converted into hydrochlorate, and con be extracted by 
cvajKiration, and the addition of salt; the excess of acid may be previously neutralised byoarbouate 
lime. If roquiroil of greater purity, it may be treated wfth water rendered alkaline by oaustio soda. 

The commercial artii lo is a reddish-yellow powder containing hydroohlorate sahranine, mixed 
with much oarbonute lime and common salt It can be readily purified by solution and reorysial- 
lizatiou ; the final crystallization should he from a boiling and slightly acid solulioii. 

Bure safranine cannot bo preoipiteted from its hydroohlorate solution by alkalies, in oonsequonce 
of tho forinailou of basic salts, &o., which are oo-procipiiated. The aolutWi should be dooomposed 
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by oMe of dim; the filtrate from tkie ie deep yellow-red, and when evA|K)mted and ooolod^ 
depoaita red-brown oryatala, very like the hydirpcblorate^and which, dried at 100^ (212® F.) take a 
lightrgrconidh metallic lustre. The safranine diaaolves easily in water and alcohol, but not in ether. 
Concentrated solutions, mixed with'hydrochloric and many other acids, give immediate orystidline 
precipitates of the salts of safrattine, all of which may be recognized by the fact that when con- 
centrated bydrt)ohlorio acid is added to their solution^ the reddish-brown colour of the liquid 
posses successively to violet, deep blue, deep green, and at last to a clear green ; when water Is 
added gently to this solution, the same changes of colour take place in the reverse order. Sul- 
phuric acid acts in the same way as hydrochlorio acid, and ,wHh more marked 

See also rosimiline brown and yellow. 

Cerise* — ^This name has boon given to a red colour from rosaniline residues; after precipitating 
.the magenta with common salt, and filtering tho liquid, carbonate of soda is added to tlie flltroto, 
and tho product is washed and dried. Cerise probably contains magenta, and a little of the yellow 
colour from chrysaniline and chrysotoluidino. It dyes a shade l>otweon crimson and scarlet. (See 
rosaniline residues and leucanilino browns.) Sopp treats the resinous residues of rosaniline with 
70 or 80 per cent, of hydrochlorio acid. The insoluble portion is ufterw^ards boiled in water, and 
treated with nitric acid, which causes a black dc'posit, whilst a yellow substance is dissolved, and 
crystallizes out on cooling ; the hydrochloric acid solution first obtained is mixed with a solution 
of carbonate soda, producing a dark green precipitate, which, boiled in water, yields a little 
rosaniline ; the green precipitate is well washed, and taken up by weak ammonia water and a little 
soap solution, when it gives a solution of very rich deep-red colour on cooling; if rodissolved in 
hydrochloric acid, it gives a violet-bluo liquid; it dyes shades which oro wanting in beauty, but 
ore solid ; when applied to wool and silk, passed through permanganate of j>otash, it is converted 
into*a fine chestnut-brown. 

Arsenic Acid is manufactured on a large scale for this industry. Tho arrangement for the 
production of aqueous arsenic acid for magenta manufucturo is thus described by H. Cant, of 
Evans, Cant, and Co. A series of stoneware pans A (Fig. 490) fit hermetically into an iron 
water bath B, heatf'd by means of an iron coil. ‘Tho pans are fitted with oementod covem, 
having two openings, in one of which a glass funnel F is placed, and 
to the other is securtdy attached an earthenware tube for leading away 
the nitrous oxide. Stoneware jars J, fitted with tubuluros and stoj)- 
cocks, are filled with nitric acid (sp. gr. 1*400); the stop-cocks are 
opened so as to allow tho acid to <lrihblo slowly, as required, into tho 
jars A, which contain arsonious acid mixed with a certain quantity of 
water. Thus tho arsenious acid is expeditiously converted into arsenic 
acid of tho degree of hydration required for mugi'iita manufacture, whilst 
the nitrous fumes are collected in a series of largo Woulfo's bottles. By 
means of an aspirator, those vai)oms are drawn out of the ])au8 A accom- 
panied by air, and are thus oxidized into nitrous acid, am’ ultimately into 
nitric acid for ro-u|p. An outlet near the bottom of tho pans allows 
the arsenic acid soluuou to be drawn off as required. This method of producing arsenic acid, and 
converting the nitrous oxide into a profitable product, enables arsonic aeiil to be prt»duced for a trifle 
more than the cost of tho arsenious and nitric acids, an«l removes the objectionable features of tho 
manufacture ; several attempts to utilize tho refuse arseuiates and arsenites, resulting from th© 
manufacture of rosaniline salts, have been made, but with little success. 

Nicholson (No. 519, 1878) proposes nitric and liydrochloric acids, instead of arsenic acids, for 
the production of colours having rosaniline for their base. 'I'liree j)art8 by weight of commercial 
aniline (such as is generally used for the production of red aniline dyes), about one part nitric acid 
(sp. gr. 1'420), and one part hydrochloric acid (sp. gr. I* 100), are heated at 177^-204'^ 

400® F.) until the desired colouring matters are produced ; this is ascertained by withdrawing 
samples os tho operation proceeds. Tim contents are removed, and tho colourirjg matter is 
extracted by boiling water ; it may be used direct, or purified ; or the base, rosaniline, may b© 
separated by means of au olkali or alkaline earth. Though the extra trouble, and modification of 
plant, required by tiiis process may operate against its introduction, there can bo but one opinion 
on tho merits of an invention which dispenses with a seriously poisonous product. 

An improvement in th© same direction, by the recovery of the arsenic from the waste products of 
this manufacture, converting it at the same time into a source of profit, is to separate the rosaniline 
base by means of ammonia, by which t|^e arseiiious and arsenic rwids contained in the “ melt ore 
converted into aroenit© and arseniate of ammonia, both of which are soluble ; from these salts, it is 
proposed to expel the ammonia by heat, and collect it for use over again, obtaining tlm arsenic 
in a form ready for reconversion into arsenic acid. The objectionable ibaturo in this is the 
bu ndling of a readily soluble poisonous material. 

Teluidme, or Cwpie/s .Asd#.— <k>upieir prepares his rods Aom (1) pure aniline and pure niiro- 
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totuel ; (2) ordinary commercial aniline and ordinary nitro-benzol ; (8) nitro-toluol and iblnidine, or 
nitro-xylol and xylidine ; uiring iron and hydrochloric acid in each case. The products from the 
tot two yield reds identical with ordinary rosaniline; to the last, he gives the name **rosa- 
toluidine,*' “ toluidine red,” or “ xylidine red.” The apparatus and procedure may be as for 
rosanilino. 

Brythrohenzine. — laurent and Casthelaz gave this name to a red colouring matter obtained from 
nitro-benzol, iron filings, and hydrochloric acid, no aniline being added, although in the reaction it 
may be produced ; it agrees with rosaniline, with which it is probably identical. Equal parts by 
weight nitro-benzoi and aniline are gradually heated together in an enamelled iron vessel to about 
200° (892° F.) ; the heat is continued until the mass becomes pasty, and Will solidify, on cooling, 
to a brittle body resembling crude rosaniline. It is powdered, boiled in water with carbonate 
of soda to precipitate the colouring matter, and further treated as for purifying rosaniline. 
This yields a fine red colouring matter, uud, as regards the aniline used, is equal iu yield to the 
arsenic acid method. Nitro-toluol and aniline give a colour approaching that of rosauiline ; 
toluidine and nitro-toluol give a red with a decided violet shade. The reds obtained in this way 
are bettor adapted for confectionery, colouring liquids, &c., than “ rubino,” which is made with 
nitrate of mercury instead of art«enic, and has been largely used for the above purposes. 

Xylidine lied. — Hofmann’s xylidine red is obtained by heating pure xylidine and pure aniline 
with an oxydant capable of forming rosanilino ; it gives a splendid crimson. It is manufactured 
and purified as rosaniline (q. v.). 

liosuniline nnd the bases formed in its manufacture are capable of combining with the ethyl 
and methyl radicals, and from some of them important colouring matters are obtained. See 
Hofmann’s Violet, &c. 

Taunate of rosaniline is formed as a bright red precipitate, by adding a cold and dilute feolu- ' 
tion of a salt of rosaniline to a solution (*f tannic acid; from warm and concentrated solutions, a 
brownish -red brittle mass is produced. Hy dissolving in alcohol or wood -spirit, it dyes yellowish 
or orangc-red tints. ’J’reated with nitric or hydrochloric acid, it yields a colouring matter passing 
gradually from violet to blue; by regulating the supply of acid, any desired tint may be obtained. 
It is purified by washing with water, and dissolved in wood-spirit ; its solution diluted with water 
can bo used for dyeing. 

Bluk CoLOUiiiNo Matters. Thenyl-rosaniltnes. — W hen a rosaniline salt is heated with 
aniline, hydrogen is ropl.iccd by phenyl, and ammonia is given off, producing monophenyl-, diphenyl-, 
and triphcnyl-roflaniline ; the salts of the first have a reddish-violet colour ; those of the second, 
bluish-violet; and those of the tliird, a pure blue colour, and are known as ‘‘candle blue” or 
“ uiglit blue,” since their colour is unaltered by artificial light. For the manufacture of aniline 
blue, the purer the aniline itself, the better will be the colour of the dye produced. The aniline 
which passes over in the j)reparution of magenta is generally used for the better kinds of blue, on 
account of its freedom from the higher homologu(5 buses. Commercial anilines may be fractionizod, 
and the product coming over at lb2°-185° (8C0°-365° F.), may bo retained for the preparation of 
the finest blues. ^ 

These blues are more readily formed when weak organic acids, such as acetic, benzoic, &c., aro 
present ; iu their dyeing qualities, much is gained by selecting an aniline of low boiling-point. ' The 
proportions of the ingredients vary ; but, as a rule, free aniline is used in large excess. On the Con- 
tinent, they are prepared in a series of enamelled cast-iron iK>ts, heated in an oil bath over a furnace. 
The covers arc secured by clamps, and supplied with a small opening for withdrawing samples, and a 
bent tube for leading away vapours to a condenser. Sometimes those tubes are inclined so that the 
condensed vapours are returned. If the heating is carefully conducted, the volatilized aniline 
ahould be trifling. Each pot is provided with an agitator, and has a capacity of about 20 lit. When 
starting, tiiey are half-filled with the materials, and the covers with their appendages are fitted on, 
and secured, The covers, tubes, and stirrers are best arranged so that they hoist out together 
when the pots are opened. A thermometer is placed in the oil bath. A charge may be about 
5 kilo, rosaniline salt (acetate, or hydrochlorate), and 10 kilo, aniline ; the temperature of the bath 
should be kept between lOO'^ (374° F.) max., and 165° (829° F.) min. ; the aniline must not boil. 
The operation lasts about two hours. The free anilino is recovered by distilling with a current of 
Sk^am, or removed by means of an aoid, or the colouring matter is taken up by alcohol or wood- 
spirit. In this country, a small magenta-still is used instead of the series of pots. 

Dy the subsequent purification of the crude protluct, the following colours are obtained ; — 

I>trcct Blue. — I’his is the crude colour deprived of the free aniline by a current of steam, or by 
washing with weak hydrochloric acid, in enamelled iron pans; the aoid poured off one is added 
to the next, and so on, The aniline is recovered by distillation with lime. 

Burified Blue , — The product in the still is liquefied with wood-spirit, and allowed to trickle into 
dilute bydrooliloric aoid. The free bases are taken up, and the colouring matter ftdls to the bottom ; 
it is collected on fiannel trays, and well washed with acidulated boiling Water. 
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Might Blue , — So oallod from the absence of violet when viewed by gas or oehdle light. The 
crude product is well washed with wood-spirit, and sometimes boiled after being well divided. It 
is easier and cheaper in all cases to work upon the previously purified product for the next purifi- 
cation, Percolation with alcohol or wood-naphtha will purify the ‘‘direct blue*’ to any required 
degree, after the heavy anilines have been removed by hydroohlorio acid. 

By varying the proportion of materials and further purifying, the following diflferent qualities 
of these blues are obtained : — 

B Blue. — This blue is obtained by heating for two hours, at 180° (356° P.), a mixture of 
2000 grms. pure rosauiline, 3000 grms. aniline ; distilling at 182°-185° (360°“863° F.) ; and adding 
270 grms. glacial acetic, or benzoic, acid. Th( products froi i benzoic acid are always more tinted 
with green than those from acetic acid ; the former are used for silk, the latter for wool. The 
colour may be made purer by pouring it gently into an enamelled iron pot containing 10 kilo, 
hydroohlorio acid, with brisk and continuous stirring. The precipitate is filtered, and well waslied 
with boiling water acidulated with hydrochloric acid, till it is reduced entirely to powder ; the 
yield is about 3500 grms. 

BB Blue. — This is produced from pure rosaniline, 2000 grms.; pu»*3 aniline, 5000 grms,; 
benzoic, or glacial acetic, acid, 270 grms. ; treated as above. The crude product is thus purified : |he 
boiling mass is turned into an enamelled iron pot, and cooled by being placed in water ; 7-8 kilo, 
concentrated alcohol are added, and the mixture is stirred till well incorporated; the vessel is 
heated in a salt-water bath till the alcohol begins to boil ; it is tlien allowed to cool a little, and 
stirred, adding 10-12 kilo, strong hydrocliloric acid ; the mass becomes warm from the fonnation 
of hydroohlorate of aniline, and at the same time the pure blue separates. To obtain a product of 
constant colour, the filtering should always be made at the same temporatiTre — 45°-50® 
T[113°^122° F.)*, the blue is washed with plenty of water, and dried. The product should bo 
about 1320 grms. 

This blue can also be made from B, by treating one part of the latter with IJ part strong 
alcohol, and 5 parts rectified benzol, introducing the whole into an apparatus supplied with an 
agitator and cohobator, and boiling for one hour. 

BBB, afui BBBB Blues. — These are prepared by a further purification of BB, 1 kilo, of which 
is boiled with agitation for two hours with 3G kilo, strong alcohol ; 2 kilo, of an alcoholic solution 
of soda, containing 20 per cent, alkali, are poured in, when the soda sets the base free. The 
alcoholic solution is filtered, when a certain quantity of inferior blue is left in the filter. With the 
alcohol solution still warm, 280 grms. concentrated hydrochloric acid are well mixed ; by leaving 
the whole to settle for about two hours, BBB is deposited in a crystalline form ; this is filtered, 
pressed, and wdien dry, should yield 600-690 grms. By repeating this operation on the same 
product, BBBB is obtained. From the mother-liquor from which BBB has been precipitate^I, a 
further quantity of an inferior blue can be obtained. 

A better plan is to dissolve 1 kilo. BB in a mixture of 1 kilo, alcohol, and 2 kilo, aniline, 
stirring till blended, pouring the whole into ‘25 kilo, alcohol, and heating till the alcohol boils ; 
finally adding an alcoholic solution of soda, and filtering. This gives much less insoluble matter. 
To the filtrate is added a little cxcesb of hydrochloric acid, when a superior blue is thrown down ; 
at the end of forty-eight hours it is filtered off, pressed, washed several times with Iwiling acidu- 
lated water, and dried. It yields about 800 grms. BBB. 

Nicholsm*s Blue, — Triphenyl-rosauiliiie-sulphouio acid is obtained by dissolving triphenyl-rosani- 
line in concentrated sulphuric acid, and adding water to the solution ; a dark blue mass is formed 
which dries up into grains, having a beautiful metallic lustre. Its sodium salt is “ Nicholson’s 
or “Alkali” blue, a dark-grey amorphous mass, dissolving in water with a fine blue colour. 
By tlie further action of sulphuric acid, other sulphonic acids are formed, and occur, as sodium 
sedts, in several soluble aniline blues. The ammonium salt is Nicholson’s ordinary “ soluble ” blue. 

To prepare Nicholson’s blue, “Blue do Lyons,” or “ Azaline,” is boiled in water contn^ning 
about 4 oz. sulphuric acid to 1 gall, w ater ; when the soluble matter is nearly all taken up, the 
insoluble residue is dried, and reduced to powder, and about four times its weight of sulphuric 
acid (sp. gr. 1*845) is added to it ; the temperature is raisod to about 149° (300° F.) ; the mixture 
is stirred till solution is complete, and is kept at this temperature till a sample is entirely dis- 
solved in water. If the temperature be raised too high, sulphurous acid will bo evolved, to the 
destruction of the dye. Its dilute acid solution is used for dyeing and printing in the ordimiry 
way. By the use of an excess of lime or alkali to neutralize the acid, it is thrown down, and a 
colourless solution is obtained, which, or^ addition of a weak (organic) acid, develops a soluble 
blue. 

By varying the proportion of sulphuric acid, the heating may be curtailed or prolonged ; it is best 
to work on small quantities, so as to limit the generation of heat. The tints are improved by 
increasing the acid ; but when very large quantities are used, the colours are more fugitive ; the 
proportions giving tlie most durable colours are those required to produje mono- and di-phenyl- 
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roBanilino flulphonio acids, and heating to 100® (212® S’.) ; these colours, however, are not so eolnhle 
as when the heat has been raised to 149® (300® F0» Anhydrous sulphuric acid may be used Instead 
of concentrated acid, without heating. Caro (1877, No. 3731) converts the crude magenta bases into 
sulpho acids in the same way. The advantage of these dyes is that they can be used in presence 
"of acids or aejd mordants. 

IHphenylamirw BltK ;, — Girard and De Laire (1866, No. 2686) prepare a blue from dipbenylamine 
and sesquiohloride of carbon, by Ijoatiug a mixture of 2 parts of the former and 3 of the latter, for 
five to six hours, in an enamelled iron vessel, to 170®-190® (338°“374® F.). The apparatus used 
is the same as for making diphenylamine. 

Besides diphenylamine, ditoluylumiuo, phenyl-toluylamine and diphenyl-amyl-amine may be 
used. These may also be treated with oxalic acid for the same purpose. The development of 
colour is watched by drawing samples ; it is oomploto when a copper rod is produced, and the 
cooled mtiss becomes hard and brittle, and dissolves in alcohol with an intense blue. It is purified 
by dissolving at 100® (212® F.) in double its weight of aniline ; the solution is thrown into SiJargo 
quantity of benzol, kept well agitated ; the vessel is kept cool, so as to avoid loss of benzol. The “ 
blue is precipitated as a very line jx)wder, collected on a canvas strainer to drain, and well pressed ; 
it jp repurifie<i in the same way without being pressed, and is washed on the strainer with benzol. 

It may bo further purified by dissolving in boiling aniline; precipitated by hydrochloric acid, 
the aniline salt is washed out with boiling water. The free base is obtained by caustic soda, and 
purified by solution in alcohol. 

The separation of blue from violet cxdouring matter is effected by dissolving in ten times its 
weight of oil of vitriol boated to 30”- GO® (8G®-1‘10® F.). Water is added to precipitate the blue, 
whilst the violet remains in solution; it is thrown on to an asbestos filter, and washed with dilute 
acid, then water ; it is drained and pressed, and if required with greater purity, the previous* 
process is carried out. 

Toluidine Blue, or Tri-tohiyUrosaniline. — The composition of this blue is analogous to that of tri- 
phenyl-roBatiilino, and its mode of preparation is similar. Equal parts of rosaniline and crystal- 
lized toluidine are boated fur five or six hours to 150®-174® (302®~34G® F.). Its extraction and 
purification may be effected with hydrochloric acid and water. It dissolves in alcohol with a beau- 
tiful blue colour. 

Blm de Coupler^ or Triphenyl-roso-toluidine, — Toluidine rod l;ieated with aniline yields a blue colour- 
ing matter, known by this name. It is prepared in the same way as Ooupier’a reds (q. v.), by 
substituting his toluidine rt d for rosaniliiio. 

Bleu de Baris. — This is obtained from methyl-anilines and anhydrous bichloride of tin; it is a 
triphonyl-rosunilinc. (S(*c Violet de Paris.) 

Aldehyde Blue. — This colouring matter is a valuable source of green, and although its merit as 
a blue does not entitle it to the notice of the dyer, its preparation must bo noticed here. A solution 
of 20 grins, rosaniline, in 280 cc. ordinary hydrochloric acid, is diluted with an equal volume of 
water, and mixed with 100 cc. crude aldehyde. After twenty-four hours, the blue is precipitated 
by caustic soda in excess, collected on a filter, washed, purified by solution in alcohol, and dried. 

A yellow resinous matter is removed by carbon bisulphide. Its solution in wood- spirit ^yes well, 
hut not deeply. (Sec Aldehyde Green.) 

Bleu de Mulhouse. — This product, having the colour of amnioninret of copper, is obtained by 
boiling 50 grms. bleached eliollao, and 18 grms. soda crystals, in 1 lit. water, and adding 50 cc. 
solution of magenta (1 part magenta in 4 parts water, and 4 parts alcohol), boiling for one hour, 
and adding water and spirit as they boil away. 

Azurinc. — Blumor Zwoifcl makes this colouring matter as follows : — 100 grms. starch is boiled in 
1 lit. water, and whilst boiling, 4 grms. chlorate potash, 3-4 grms. sulphate iron, and 10 grms. sal- 
ammoniac, are added. When the mass has cooled and set, 60 grms. of a salt of aniline is added, and 
well mixed and dissolved. Its tints are altered by varying the proportions. 

TripheyiyUMauvaniline„^T\m base is converted into ethyl, methyl, and phenyl compounds in 
the same way as rosaniline ; it is soluble in alcohol, and its salts yield splendid blue colouring 
matters. (See Triphenyl-rosaniliiie, Rosaniline residues, and Mauvaniline.) 

Mauveine^ Mauve, Aniline-hlue, or Perkin's Violet. C 2 ,Hj|N 4 .— The production of this interesting 
colouring matter depends upon the action of an oxidizing agent on aniline, or a Balt of aniline, such 
as the sulphate or chloride. A cold saturated solution of sulphate aniline is mixed with an equal 
quantity of a cold saturated solution of bichromate potash, and allowed to stand for 10-12 hours. The 
quantity of potaah is such as to produce, with the sulphiyic acid from the aniline salt, the neutral 
sulphate. The mixture is Uirown on to a filter, and washed until the potash-salt is all removed ; 
the residue is dried at 100® (212® F.). The adhering resinous matter is washed Away with coal-tar 
naphtha or petroleum, and when the naphtha has evaporated, the washed is dissolved in wood, 
naphtha or methylated spirit. Instead of washing away the resinous matter, it is mate economical 
to treat the crude mass with slightly dilute wood-naphtha or methylated^i^ ; as the resinous 



VIOLETS. 


667 


Impmiti^iuro W taken tip» the larger proportion of4he spirit is reoorered by distillation, 

and an aqueous solution of the colouring matter remains ; by evaporation, it can be obtained either 
in a dry crystalline state, or in paste. Caustic potash, added to a solution of the sulphate, pi^ipi- 
tates the mauveine, which is almost insoluble in water, but dissolves readily in alo(d&ol, yielding a 
bluish-purple colour. It is a powerful base, combining with acids to form well-d^ned salts, 
which have a fine metallic lustre; it expels ammonia from its combinations. 

Wlien the base is heated with aniline, ammonia is given off, and a blue colouring matter is 
formed. It bos been proposed by Perkin to obtain an ethyl compound, by heating equal parts of 
mauveine and iodide ethyl together, for the general carrying out of this (see Hdfmaun’a violet, &c.) ; 
it was largely used a short time ago, but tho replacement of iodine by less costly metho<l8 of intro- 
ducing the alcohol radicals must eventually restrict its use. It dyes deeper and finer shades of mauve. 

By oxidhsing a hot solution of mauve with arlphuilc acid and manganic oxide, a beautiful red 
colouring matter is produced , it is very soluble in water, and forms crystals having a fine beetle- 
green lustre. In concentrated sulphuric acid, it dissolves with a dark green colour, which, on 
adding water in small quantities, changes into bluish green, pure blue, violet, purple, and at last 
into pure red. This was originally called ** safranino ” ; but the colouring matter now mot with in 
commerce under that name is obtained from a very different source. ^ 

Phenyl ViOLETS.~In the purification of di-phonyl-rosanilino blues, blue and violet colouring 
matters are obtained. Tho blue obtained by heating etiual parts of rosanilino and aniline for four 
hours at 149°-160° (300^-820® F.) is, whilst being boiled wilh dilute muriatic acid (1 acid to 

9 water), freed from the unaltered bases, which contain tho violet. This violet is not pure, but, 
according to the purification, are obtained violot-red or dahlia, and violet- blue or panne; between 
these are found all shades of violet. By even tho most careful manipulation, it is not always possible 
to get the same shades, consequently the exact shades required are obtained by mixing tho blues 
and reds. 

Mono-phen^l-rosanilme (red-vtoki ). — Rectified aniline, 14 kilo., is gradually added to acetate 
of rosanilino, dried at 100® (212® F.), 10 kilo., in a still, so os to collect the aniline which 
comes off. Tho rosuniline salt is first lioutod gently by itself; the cohobation with aniline is 
continued for one hour, when the heat is raised to 190® (374® F.). Samples of the product are 
drawn out every few minutes, so as to watch tho production of colour, which should he a very red 
violet. The mixture is allowed to cool a little, when it is softened with a little benzol, which 
removes the aniline, and a brown colouring matter, whilst the rosanilino and other products are 
precipitated. The precipitate is thrown on a strainer, dried, and dissolved in hydrochloric acid ; from 
this, the violet is thrown down by the addition of a large quantity of water, well washed, and dried, 

DUpJLenyl-rosaniline (blue-violet). — Rosaniline salt, 10 kilo., and aniline, 20 kilo., aro treated, as 
above, for at least one and a half to two hours. Acetate rosanilino is sometimes used. The product 
is examined from time to time, and when the tint is obtained, the vessel is removed 9 r allowed tP 
cool. Alcohol, 4-5 lit., are added, to soften it, and tho v,’holo is poured into a large quantity of 
alcohol, to which hydrochloric acid is added. The colouring matter is precipitated by adding a 
saturated solution of common salt, and is well washed on a flannel strainer with acidulated water. 

Ethyl and methyl rosarnYin<75.— Ethyl and methyl violets aro now largely made from methyl-anil i no 
(see Violet de Paris), so that tho costly production of Hofmann’s violets from iodides of ethyl or 
methyl has become of interest prmcq)ally as a source of other important colours. The modua 
oporandi (Ko. 1291, 1803) is as follows : — One part by weight of rosanilino, 2 parts by weight of iodide 
of ethyl, and about 2 parts of strong methylated spirit are heated together in a suitable vessel, to a 
temperature of 138® (212® F.), for three to four hours, or until tlje whole of tho rosanilino is converted 
into the new colouring matter. The syrupy mass obtained on cooling is dissolved in methylated 
spirit or alcohol, and may be used at once for dyeing and printing. The iodine is thus recovered : — 
The product either before or after dissolving in spirit is boiled with an alkali, by which the base is 
precipitated, whilst iodide potassium remains in solution. The base is washed and dissolved, together 
with an acid (as hydrochloric), in alcohol, or in place of hydrochloric acid and alcohol, acetic acid 
and water; these solutions can be employed for dyeing and printing, giving to silk and wool 
beautiful violet, blue-violet, and red-violet tints. Instead of iodide of ethyl, the iodides and 
bromides of methyl, amyl, propryl, and capryl may bo employed, but not so conveniently, as they are 
more expensive. Three shades of violet, viz. R, reddish violet ; B, blue- violet ; and BB, a light- 
violet, were formerly supplied in this material. For red-violet. — ^I'en kilo, of rosaniline, 100 lit, 
alcohol, 8 kilo, iodide of ethyl or methyl, and 10 kilo, caustic soda or potash ; the mixture is" 
heated for two hours at 115®-! 30® (23©®-266® F.). For Wue-violet.— Ten kilo, of rosaniline, 100 
lit. alcohol, 5 kilo, iodide methyl, 5 kilo, iodide of ethyl, and 1^ kilo, caustic soda or potash. 
For light- violet. —Ton kilo, of rosaniline, 20 kilo, iodide of methyl, 100 lit. ethylio alcohol, and 

10 kilo, canstio potash. The solutions of iodide ethyl and methyl should be added very gradually, 
as also the caustic solutions. Other intermediate shades nmy be obtained by varying the propor- 
tions. Iodide of methyl^ves a more decided blue shade the iodide of ethyl, and the colouring 
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matter is also more soluble in watw than the iodide of ethyl product. The products are t!)e 
iodohydrate of ethyl-rosanilino or of methyl-rosaniline ; both are purifled in the same way. The 
salts of both bases are soluble in alcohol, wood*naphtha, acetic and mineral acids ; the colours 
obtained from the salts of trimethyl-rosaniline are much brighter than those from salts of the 
other base, whilst salts which contain both bases are still more beautiful as dyes. 

Maumniline (see Rosanilino reaiduos). — The precipitates containing rosaniline and mauvaniline 
are submitted to the action of hydrochloric acid, salt, &c., so as to separate tliem as completely as 
possible; the mauvaniline is washed with benzol, and digesUd in a oohobator with alcoholic potash, 
by which the free boilte is obtained. It is washed with water, and when dissolved in acid, dyes magni- 
ficent mauve shades. According to Girard and De Laire, 12 per cent, of this is obtained from 
rosaniline refuse. 

Triphenyl-maumniline yields salts soluble in alcoliol ; they have a beautiful blue colour, 

Ethyl^niauvaniline. — By treating mauvaniline witi) iodide of ethyl, Girard and Do Laire obtain 
a violet colour, which is bluer according as the imlido is in greater proportion to the mauvaniline 
salt. It may be made in the same way as Hofmann’s violet (q. v.), with 1 kilo, mauvaniline, 10 lit. 
wood-spirit, 3 kilo, iodide ethyl (or methyl), and 1 kilo, potash or soda. 

Vplet (k Paris . — Poirrier and Chappat’s violets are ohtain(Ml from metliyl-anilines ; according .to 
the predominance of blue or violet tints, reddish blues, blues, and pure violets are produced. It is 
highly inobable that for blues and violets, this is destined to become a very important source. 
To obtain violet, violet-rcd, and violet-blue, from inethylio, methyl-ethylic, and methyl-amylio 
anilines, 1 part methyl or dimetliyl-auiline, and 5-C parts anhydrous bichloride tin are mixed in a 
still, heated up to 100” (212” F.) for some hours, and well stirred until hard; the mass is 
treated with o^iUHlio alkali, washed and filte red ; ilie precipitate is boiled in water, and neutralized ; 
from this solution, filtered when cool, common salt throws down a green precipitate, which' is 
collected on a filt(^r, and may bo furtlior purified by crystallizing from solution in alcohol; its 
solution in boiling water dyes a magnificent violet. 

If the heating has been suflficiont, the mixture is found as a black tarry mass. Instead of 
bichloride tin atid bichloride mercury, arsenic acid maybe used ; or if 100-150 parts chlorate potash, 
100 parts methyl-aniline, and 100 parts water are used, the reaction which follows from the 
splitting up of the libemted chloric acid yields the colour. Chloride iodine diffused in 6-10 parts 
of water may also be used ; or a mixture of 80 parts chloralts potash, 20 parts iodine, and 100 parts 
methybaniline. lodates, bromates, and iodic and bromic acids react on methyl-aniline salts with 
the same development of colouring matter. Bichloride of mercury alone develops very little colour ; 
terchloriclo benzol and terclilorophenic acid dcvel<q» a violet, at 150® (^;102” F.). Red violets are 
obtained by employing mtdhyl-aiiilinc and bluer violets, when dimethyl-aniline, or higher metliylic 
homologues, are U8e(l. After purification, these violets are all soluble in w'ater, alcohol, and acetic 
acid, and are used fur dyeing and printing as otlier aniline dyes, Brooman’s improvements (1860, 
No. 3195) consist in treating chlorides of methyl-aniliiics with nitrate or chloride of copper for 
violets, which yield bluer shades according as tlio heating is prolonged. The oxidation products 
from those violets give, with chloride-benzyl, still bluer shades of violet. The methyl and ethyl 
violets met with in commerce are R. B. BB., to 6B. Bardy obtains violots from methyl-diphenyl - 
amine (q. v.), which are also capable of yielding mixtures of blue and violet. 

Girard and Do Laire’s violet from methyl-benzyl -phenyl-amine may be thus produced : — 
Methyl-bcnzyl-diphenyl-ainiuo, 15 1b.; cldoruie i^otash, lb.; water, 40 1b.; and uou-caloyareous 
sand, 100 lb., are well mixed, placed in a cohobating apparatus, and heated; a solution of 
sulphate of copper (5 lb. to 15 lb. water) is added during the heating, iii small j)ortions at a time. 
The tcinporaturo is kept for twenty-four to tliirty hours at 50”-80” (122”-176” F,); when the 
reaction is conqdete, tho mixture is carefully neutralized with caustic soda or potash, or lime 
water, and tho unaltered portions of the bases are removed by diatilling with a jet of steam. Tho 
mass is then treated with hydrochloric acid in slight excess, and the colouring matter is removed 
by hot water, and thrown down with common salt ; it is then converted into a base by soda or 
potash ; this is well washed, and again converted into hydrwhlorate or acetate. These salts are 
sf)lublo in water, and dye blue-violet. The colours obtaiiicd from tho corresponding compounds may 
be produced in tho same way by substituting the alkaloid or its salt ; benzyl-diphenyl-amine gives 
a bluish green or greenish blue ; bcnzyl-phonyl-toluyl-aminc, orange ; benzyl-ditoluyl-amine, brown 
or chestnut ; methyl-diphcnyl-amine, blue. This same process is, according to Bolley and Kopp, 
ojuplDyed by Poirrier for tho manufacture of violots from methyl and di-raethyl-ani lines (q. v. ; also 
violet de Paris). 

Violaniline (see Rosaniline residues). — Tliis base forms salts soluble in alcohol ; the solutions dye 
bilk and wool a rusty black with a shade of violet. 

Queens. — The green colouring matters obtained from coal-tar are product by oertaiu reactions- 
on other aniline or toluidine colours. 

Aldehyde^ or Usebe\ Green . — Sulphate rosaniline, 150 grins., ore dissolved in a cohM mixture of 
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9 kilo, oil of Titriol and 1 kilo, water; 225 grms. crude i^dehyde are gently added, with oontinued 
stirring; the whole is heated in a salt»water bath, till a drop let fall into dilute acid appears 
green ; 450 grms. hyposulphite soda, dissolved in 30 lit. boiling water, are added very gradually, 
and the whole is boiled for a few minutes ; the green liqijivl is filtered from the sulphur which 
separates from the hyposulphite, and is ready for use. 

Lucius* method of obtaining aldehyde green differs from the foregoing mainly in the use of 
sulphuretted hydrogen, and an alkaline sulphite instead of hyposulphite soda ; 1 Ih. sulphate 
rosauiline is dissolved in a mixture of 2 lb. sulphuric acid With 2-4 lb. water, adding 4 lb, aldehyde, 
and heating to about 50° (122° F.), till a sample dissolved in about fifty times its weight of alcohol 
yields a greenish-blue solution ; to this is added 300-500 lb. saturated aqueous solution sulphur- 
etted hydrogen, gradually increasing the boat to 90°-100° (194 -212° F.), adding 10 lb. satu- 
rated solution sulphurous acid, and filtering the liquid fwm tlie blue colouring matter which has 
been precipitated. The green remains in solution, o.iid is obtained in the solid form. 

Aldehyde green, when kept for any length of time, loses much of its beauty, and may even 
become useless ; on this account, it is best prepared as wanted. It is sold in two forms ; dry, and 
in paste ; in the dry state, it is an amorplious powder, insoluble in water, readily soluble in a 
mixture of dilute sulphuric acid and alcohol, and' sparingly solpblo in alcohol alone. To produce 
the powder, it is precipitated from solution by neutralizing with cartonate soda, or by adding 
common salt; it is washed by decantation, and finally dried at or below 100^ (212° F.). As the 
paste is more readily soluble than the powder, and appears to keep better and longer, it is the pre- 
ferable form, especially as the difficulty of drying is then dispensed with. 

Toluidine Green may be obtained by treating Coupler’s red, or rosotoluidine, with aldehyde in 
the same way. 

*6as Green, — This colour is called from its appearing green in artificial light. Luthringer 
gave this name to a green obtained by mixing a yellow with blue (see Yellows). Different shades of 
green are obtained in printing and dyeing, by superposing one colour on the other. 

Hofrnann*s Gr^en. — This colour is obtained from Hofmann’s viohjt, either by direct treatment, orl)y 
reactions in wbicli cthyl-rosanilino appears as an interniedinto product. One part acetate rosani- 
line, 2 parts pure iodide mctliyl, and 2 parts methylic alcohol, aro placed in an enamelled 
digester withstanding a pressure of 400 lb. a sq. in., and heated to 100° (212° F.) for twelve hours in a 
water bath. The green and violet colours formed dissolve in the methylic alcohol ; when the 
digester is opened, the volatile products escape ; a gentle heat is applied to drive off the free 
methylic and methylic-aootic ethers, leaving the residue as a paste, which, when thrown into 
boiling water, gives up the green colour ; the small quantity of violet dissolved is removed by addi- 
tion of common salt and a little carbonate soda. Tho solution is filtered through sand or asbestos, 
and precipitated by adding cold saturated solution picric acid. In commerce, it is met with in 
paste as picrate, which is readily soluble in alcohol. 

The soluble green, manufactured by Girard and De Laixo, is a double zinc salt, produced by 
adding to a solution of tho colour, sulphate, chloride or acetate of zinc ; it is soluble in water, and 
in addition to tho saving of alcohol as a solvent, it dyes fibres with a purer green than does the 
picrate. Pure crystals are obtained by dissolving in boiling, absolute alcohol, and precipitating 
by anhydrous ether ; the precipitate is dissolved in boiling alcohol, which, on cooling, deposits 
crystals. This green has been greatly replaced by meibylanilinc green (q.v.). 

Farts Green,— Under this name, Poirrier, Bardy and Lauth, prepare a green colour from anilines 
derived from benzol or toluol, or mixtures of these, by oxidizing with bromine, chlorine, or iodine, 
or their compounds, or with nitric acid, nitrates, arsenic acid, &c. The usual process is as follows ; 
— 100 lb. aniline, 80 lb. chlorate potash, and 20 lb. iodine, aro heated to 100° (212° F.) ; in order to 
subdivide the mass, sand may bo added, when tho reaction requires less heat ; after a few hours, 
when the mass has become hard and brittle, it is first treated with boiling water, and afterwards 
with a boiling solution of potash in alcohol. By this means, tho product is obtained in a tolerably 
pure basic condition. This base is then treated with strong acetic acid to convert it into a neutral 
salt ; in this state, the green colour, dissolved in alcohol, can be used for dyeing and printing. 
It may bcTfurther purified by redissolving in alcohol, filtering, precipitating by soda, treating again 
with glacial acetic acid, and redissolving in alcohol. 

MethylmiUne Qreen.^T\ns is obtained from Poirrier’s methylamine violet. The violet is first 
precipitated by chloride zinc and subsequent saturation with carbonate soda ; the filtrate is concen- 
trated, and, on cooling, deposits crystals of a double compound of the aniline green and zinc. 

Aniline Browns. — The processes far the production of these colours depend upon the reducing 
action of certain bodies upon magenta or rosauiline, or their mother-liquors, with or without 
aniline, or by making a salt of aniline react on magenta at a high temperature. 

Levinstein heats 1 part rosauiline with 1 part formic acid, to 180°-200° (356°-392° F.), when 
the mixture appears dark brown; dissolved in alcohol or wbod-spirit, it becomes scarlet; by 
heating to 258° (496° F.), and then dissolving as above, it beoc^es red-orange ; and when heated 
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to about 205® (510® F.), and disaolved as above, yellow-orange is produced. In order to prepare a 
brown, when the mixture has become scarlet-red, it is left to cool, and is then mixed With 3 parts 
aniline j the whole is heated at 189®-210® (356®-410° F.), And the excess af aniline is separated. 
Sopp obtains a brown from rosaniline residues by oxidation. 

Girard and De Laire obtain brown matter from rosaniline residues (q. v.)* The precipitate 
obtained by treating the residues with soda in excess consists principally of chrysotolnidine. It 
is dissolved in clear lime water, boiled three or four hours, filtered into dilute hydroohlorio acid # 
on cooFmg, a salt crystallizes out, which is met with in commerce as “ yellow fuchsine.” The 
residue contains nearly pure chrysotoluidiiie, the lime is takpn up by boiling in an iron vessel with 
hydroohlorio acid to exactly nentralizo it, the base fuses and rises to the surface; this is purified by 
solution and precipitation with carbonate soda, and is converted into sulphate. These substances 
dye silk and wool yellow ; with more or less rosaniline it gives orange, deep yellow, and browns ; 
the less purified product is used for dyeing leather, &o. Their “ maroon ” is prepared as follows : — 
4 parts anhydrous aniliue hydrochlorate are fused, and 1 part dry aniline violet or blue, is added. 
When entirely dissolved, the temperature is raised to 240® (464° F.), and maintained till the colour 
suddenly becomes brown. The operation lasts one to two hours, and is complete when yellow 
vapours condense on the sides of jtho apparatus. This brown is soluble in water, alcohol, and 
acids, and may bo used without further treatment ; it is precipitated from its solutions by alktilies 
and neutral salts. It dyes beautiful shades of brown on silk, leather, and wool. Instead of 
aniline dye, material for producing the dye may be substituted, e. g. arseniate aniline may be 
treated with hydrochlorato aniline. By oxidation, brown shades are produced, more or less orange, 
according to the degree of oxidation (see Leucaniline). 

Durand’s brown is produced in the same way as some aniline blacks, by oxidizing an impure 
leucaniline in the presence of copper salts. The cheapest and best source is the article known as 
cerise (q. v.). This is boiled with zinc and dilute sulphuric acid ; the solution, when saturated with 
common salt, deposits a brownish colouring matter, which, dissolved in dilute acids, alcohol, &c., dyes 
yeilowish shades, nankin, tan, and browns. 

Biberg obtains a brown from the impure matter precipitated from the mother-liquors of 
magenta ; 1 part hydrochlorute aniline is melted, and to it is added J part of the colour residues ; 
the whole is heated on a sand bath until the brown colour appears. The product is mixed with 
2 parts crystallized carbonate soda dissolved in 25 parts water, and well stiried; the liquid is left 
to settle, and the colour is washed several times. When dry, it is brownish black. For use, 
1 part of this resinous substance is dissolved in 9 parts alcohol, and the solution is miicod with 
13 parts water. 

Manchester Brown. — Robert, Dale, and Co., of Manchester, manufacture a brown known by this 
name. A cold, weak, neutral solution of plienylono hydrochloride is gently added to a neutral 
solution of a nitrite; a deep-red crystalline mass separates out ; this is lirbt washed with water, and 
is afterwards treated with concentrated hydrochloric acid, in whi(;h it dissolves, and afterwards 
separates out as a tarry mass. This compound of colour and hydrochloric acid is dissolved in 
water, and mixed with a solution of ammonia, which precipitates the colour as a brown crystalline 
mass. Its aqueous solution dyes wool and silk without a mordant ; the colour is orange or yellow- 
orange ; but, in contact with the atmosphere, or on rinsing in dilute hydrochloric acid, it passes to 
a deep reddish brown. The acetic acid solution of the brown colour also dyes reddish brown if 
somewhat concontratocl, and yellowishbrown if dilute. 

Aniline Yellows.— In 1864, Simpson, Maulc, and Nicholson offorod a yellow dye stuff under 
the name of “ Aniline Yellow,” which is an oxalate of the product obtained by the action of 
nitrous acid on aniline (see Amido-azo-l)onzol). Aniline is dissolved in three times its weigld of 
alcohol, and nitrous acid is passed into the solution until the liquid becomes deep red ; this is 
afterwards mixed with a largo excess of slightly dilute hydrochloric acid, to separate the colouring 
matter ; the crystalline product is filtered, washed with very weak alcohol, and boiled several times 
in water ; the solution is mixed with ammonia, and the product is purified by recrystallization ; 
its solution in alcohol is used for dyeing. By heating the acid, a shade between garnet-red and 
brown is produced. 

SohifiTs yellow is met with in commerce as a paste ; dissolved in weak acids, it dyes a yellow, 
which is rendered more solid by passing through a solution of carbonate of soda ; 8 parts stannato 
soda, 1 nitrate aniline, in 10 of water to which a little carbonate soda is added, are heated to 100° 
(212® F.) ; a strong reaction sets in; as soon as acids produce a red coloration, the process is 
complete. On adding strong hydrochloric acid, the colour ir deposited as a resinous mass. 

This is obtained by acting with nitrous acid on solutions of rosaniline, Hoftnann’s 
and ordinary violets, Usebo’s green, and Girard’s aniline brown. Different tints are developed 
according to the amoimt of gas passed through, the highest shade being a yellowish red. Evapo- 
ration in a salt-water bath produces a red powder. Its solution in alcohdl with A little ammonia 
gives, on silk and wool, bright shades of orange. With indigo-dyed goods it gives a green. 
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6opp%i yellow, car Jaune <le Lyon.— (8®® Oerie©). 

Anxltkb BzjiOKB.— Tlieee are produced by the action of oxidizing agents on anilines, generally 
in contact with the fabrics to be dyed, thoifgh paste blacks are sent out by some makers. The 
anilines employed in blacks and greys for calico-printing, &c., rrenerally contain 60s-65 per cent, 
liquid, boiling at 180®~185® (856°-365® F.) — pure aniline, 18^22 per cent., boiling at 185°“"192® 
(865°-377° F.); aniline and toluidine, 8 per cent, boiling at 192°~198® (377°-388° F.) ; 
toluidine ; and 4^6 per cent, xylidine, &o. Their sp. gr. should be 2°-3J° B. ; those of higher 
«p. gr. may contain nitro-henzol, while in those below 2® there is much toluidine. which injures 
the black. When fractionized, these anilines should distil almost entirely at 180°-190° (350®- 
374® F.).' Coupler’s anilines, which distil at li>0®-185® (350 ’’-366® F.), arc said to produce the 
richest blacks, Pseudotoluidiue, r*nd the products boiling at 185®--192® (8^>5®-378® F.), give “ blue- 
blacks.” Toluidine, and the products boiling above 192® (378® F.), give rusty blacks ; on this account, 
they are rejected. 

The salts of aniline cannot be used indiscriminately for producing blacks ; nearly all the salts 
with organic acids give very unsatisfactory results, as do even those obtained with mineral acids, 
if perfectly neutral; the solution must be acid, and in this way, it is possible partially to regulate 
the character of the black. The hydrochlorato and disulphatc with excess of acid are usually 
employed. • 

A description of Lightfooi's and similar methods of obtaining aniline blacks belongs more 
appropriately to the department of the dyer, and will be treated in the article on Dyeing and 
Calico-Printing. 

Attempts have been made to prepare a black dye from aniline in the same form as other colours. 
Coupler proposes to mix 175 parts commercial uniliue with an equal quantity nitro-benzol, adding 
*200 ifarts hydrochloric acid, 16 parts iron filings, 2 parts copper tilings, he ating the whole for 
six to eight hours at 160®~200^ (320®->31)2® F.) in an enamelled iron pot fitted with n condenser. 
The operatibn is complete when tlio mass can be drawn into threads. This black is soluble 
in acids, alcohol, and wood-naphtha ; for use, it is dissolved in sulphuric acid. 

Lucas’ black is a soft, block mass, composed of hydrochlorato aniline and acetuto copper. It 
produces a black of very good tone, and can be obtained at a low price. 

The black supplied by A. Muller, of Zurich, is obtained by dissolving in J lit. water, chlorate 
potash, 20 gnns. ; sulphate copper, 30 grms. ; chloride ammonium, 16 grins. ; hydrochlorato aniline, 
40 grms. The mixture is heated in a salt-water bath at about 30® (86° F.) ; after a few minutes, 
it froths and swells up ; if, at the end of some hours, it becomes pasty without turning quite black, 
the heating is continued. The paste is exposed to the air for some days, washed on a filter till no 
salts are found in the filtrate, and is removed from the filter as a deop-black paste, containing 
about 50 per cent, of dry colour. A blue-black is obtained from this, by finally washing with 
20 grms. soluble blue in 1 lit, water. These colours are mixt d up with much albumen, which is the 
principal drawback to their use. The dry black, ground up, an<; mixed witli a solution of gum, is 
said to equal the best Indian-iuk. Muller’s black is largely used. 

Aniline GitEYS.—Abcrs grey is tlius obtained: — 2 lb. aniline, boiling at 188® (370® F.), is 
mixed with 101b, solution arseiiic acid (sp. gr. 1*375), and heated in a water bath till the mixture 
thickens and rises. The vessel is then withdrawn from the fire, and a little water is poured in, to 
prevent boiling over. The product is thick and blackish, and is insoluble in water. It is purified 
by adding 18 qts. water and 2 lb. hydrochloric acid, boiling for about half an hour, and filtering ; 
the precipitate is washed with boiling water, and finally with a weak solution of sodic carbonate, so 
as to neutralize the acid, after which it is dried, and remains as a fine black powder. Its solution is 
effected in alcohol, to which 10 per cent, sulphuric acid may be added, and will produce many 
shades of grey by addition of tlje requisite mordants to the bath. 

Greys are obtained from weak solutions of some blacks. One is prepared by Castholaz 
by mixing 10 parts by weight of Perkin’s violet with 11 parts oil of vitriol, and 6 parts aldehyde 
and heating for four to five hours. The colour is precipitated, from its dilute solution, by an 
alkali, and washed. 

A recent application of the aniline dyes is for the production of coloured lacquers ; tlie salts 
used should be as free as possible from water. They are also employed to separate cotton from 
woollen rags, the former taking no colour from a dye which produces a pronounced tint in tiie 
latter. 

Carbolic Acid.— (See also p. 41.) This compound is now regarded as benzol, one atom of 
whose hydrogen has been replaced by t^e radical HO ; its formula is therefore OuHj(HO), benzol 
being 0«Ha. When In a pure state, it consists of colourless ooioular crystals, and has a sp. gr. 
of 1*065; Calvert’s “ Pure Medicinal” acid fuses at 42° (108® F.) to an oily liquid, and boils at 
182® (359® F.). Carbolic acid is one of the most powerful antiseptic and antizymotio agents at 
present known, and exhibits strong anaas^etio and esdiarotio properties. In the animal kingdom, 
it is foand in the laiine of men, horses, and cows; in the vegetable world, it exists in the castor 
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plant) in the Andrcmeda Zesohenaultii, a plant growing on the high lands of India, and in the resin 
of the Zmihorrhosa hastilia ; among minerals, coal seems to be the only one in which it has hitherto 
been discovered. It may be prodnced by the action of nitrons acid on aniline, and by the dry 
distillation of gum benzoin, quinic acid, and chromate of peloeina; there is besides the ordinary 
commercial process of extracting it from the oils of coal-tar. 

Early Methods of Manufacture.—^ long ago as 1834, carbolic acid was discovered by Bunge to 
be a constituent of coal-tar oil ; and about seven years later, Laurent made further investigations 
into its properties, and succeeded in separating it. He considered it to be a hydrated oxide of a 
peculiar compound radical, phenyl, whence he named it hydrated oxide of phenyl. Mansfield, in 
1847, and Boboeuf, in 1850, made some iinprovomonts in the processes of extraction ; but it was 
reserved for the late Dr. Grace Calvert and his partners to work out the manufacture, to such 
perfection as would enable the acid to be produced at a saleable figure on a large scale ; and his 
firm is now the largest, as it is undoubtedly the first, in this branch of cliemical industry. 

Laurent’s method of preparing oarlwAic acid from coal-tar consisted in submitting the light oils 
to a fractional distillation, and then treating those products which had distilled over at tempera- 
tures varying from 160'^ to 218^ (320° to 424° F.) with a concentrated solution of potash, separating 
the alkaline solution from the hydrocarbons which floated on it, and afterwards neutralizing the 
allfali by an acid, which last process liberated the carbolic acid from the alkaline solution. Pure 
oarholio acid was present, however, only in very small proportion. The product was, in fact, a 
mixture composed chiefly of different liquids, similar in properties and composition to carbolic acid ; 
and, though Laurent succeeded in obtaining solid carbolic acid, the process devised by him was too 
expensive to answer on a inunufucturing scale, and his mode of operation was too complicated. 
The modifications suggested by Mnnslield, and later by Bobconf, consisted principally in employing 
caustic soda instead of potash, and in treating the whole of the light oils, instead of only a special* 
portion of them ; still the result was a highly impure acid, from which it was very difficult to 
extract the pure acid. Commercially, however, their process was a step in the right direction, and 
was employed by Clift, under Dr. Calvert, in manufacturing some carbolic acid, about thirty 
years ago. Tliis impure acid was successfully used, by Dr. Calvert, in producing picric acid, iu 
preventing the transformation of tannic acid into gallic acid, in tanning, and in the preservation 
of subjects for the dissecting-room. 

In 1859, a demand arose for a purer acid. From experiments instituted by Dr. Calvert, it was 
found that the best mode of preparation was not by treating light or heavy oils of tar with oon- 
oontrated alkalies; but, on the contrary, by treating the impure benzols or naplithas of commerce 
— distillates from the tar oils-— with weak alkaline solutions. By this means, was produced a 
blackish fluid, a little heavier than wat(‘r (sp. gr. 1*0()0), and containing 50 per cent, of real 
carbolic acid, which latter was separated in part by careful distillation. This acid continued 
in use for colour manufacturing till 1861, when aniline colours of such fineness and brilliancy were 
produced, that, in order to keep pace with them, it became necessary to still further improve the 
quality of the carbolic acid. After some trials, white detached crystals of the acid, melting at about 
29° (85° F.), were obtained. In 1863, this relative purity was again found to be insufficient, and 
further efforts to increase it resulted in the production, on a commoroial scale, of Laurent’s “ phenylio 
alcohol,” a substance molting nt 35° (95° F.), and boiling at 186° (367° F.). Repeated attempts to 
draw the attention of the medical profession to the romarkablo therapeutic qualities of this acid 
were then made ; but the tarry and sulphuretted odours which it still possessed were serious obstacles 
in the way of its application. Dr. Calvert soon sucoeeded, however, in removing these objectionable 
features, and was able, in 1864, to manufacture an acid quite free from sulphuretted smell. Still 
ho did not stop his researches; but, two years later, discovered a process wliich enabled him to 
show an acid completely deprived of all disagreeable odour and tarry flavour, and as pure, though 
extrjicted from tar, as if it had been produced by the help of the reactions noticed by Wurtz and 
Ke'kule', based u|K)n the direct transformation of benzol into carbolic acid, or by the well- 
known changes by which it may bo obtained from salicylic or benzoic acids. This now phenylio 
alcohol, or carbolic acid, was, however, in some respects distinguished from Laurent’s. Thus, it was 
soluble in 12J parts of water instead of 38 ; was fusible at 42° (108° F.), instead of at 85° (95° F.) ; 
and boiled at 182° (360° F.), instc'ad of at 187° (368° P.). Nevertheless it gave, like Laurent’s, the 
blue colour described by Bortholot as being produced ou mixing ammonia with it and adding a 
small quantity of hypoclilorite to the solution, the same effect being produced by exposing to 
bydrochlorio acid vapours a chip of deal that has been soaked in this pure carbolic acid. It was 
supposed that, as Laurent’s acia had constant boiling ai^ crystallization points, it was a pure and 
definite substance; but tho production of this pure acid proved it to be nothing of the kind, 
Laurent’s article being only a combination of pure carbolic acid with a liquid homologue ; for when 
a certain proportion of water is addediAo Laurent’s acid, and the mixture is exposed to a temperature 
of 4° (89° F.), it deposits large octahedrons of a crystalline substenoe^ whieh is a liydrate of 
carbolic or phenylic alcohol, that is to say, carbolic add combined with an equivalent of water of 
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efystalliEalte. Tbia fact is interesting from n ohemiocHtheoretloal point ot view, for it 

ei^bibits the only sample known of an alcohol which, combining with water, forms a crystalline 
hydrate. By removing from this hydrate the equivalent of water, as well as the traces of 
sulphuretted compounds, and ooal-tar buses, which it containa, carbolic or phenio acid is obtained 
in its purest state. 

JPrismt Method of Manufacture,-^To procure crude carbolic acid, the ooal-tar is distilled in a still 
much resembling in all respects that used for the distillation of the acid (to be shown presently )» 
only of about twenty times as great a capacity. The disti^^ate from the ooal-tar is collected in 
various portions, as already indicated, 

the largest proportion of the carbolic ’ • 

acid being generally proent in the X \ 

<< light oils,” a black spirit having a ^ it 

powerful, unpleasant, tarry odour. This ^ 

tar oil is mixed with a caustic soda / \ 

solution at 12° Tw., made from cream ^ / \ 

caustic soda, and is put into a barrel- /H i*'*"'^"*'***/?!^ / 

shaped boiler fitted iiiside with arms, ^ , 

which are made to revolve on a spindle, j: '' 

and thus thoroughly agitate the mix- 

ture. The result of this process is that j!\w ^ 

tlie caustic soda dissolves out the whole i j ^ ^ — ^ 

of the carbolic acid, while the separated cz 

and undissolved oily matters, known as y 

creosote oil, float on the surface of tho ^ 

solution when it is allowed to settle. The alkaline solution is then run off from tho supernatant 

oils, and is treated with brown oil of vitriol (sulphuric acid at about Tw.), in just 

sufficient amount to completely neutralize tho soda, without being in excess. This acid forms 

a salt with the soda — sulphate of soda — which sinks, while tho carbolic acid rises to the surface. 

Generally, tho sulphate of soda is 

allowed to settle out twice, so as to ' 

leave the carbolic acid as free from ^ 

it as possible. At this stage, it is 

known as “ crude ” carbolic acid, ^ 

and, though considerably purified, | ^ ^ ^ 

it still retains a deep black colour, {ry 

and an unpleasant odour. The pro- • ' 

duct is received, in this state, fi-om T' -rV- \ 

tho tar distillers. The proportion p-j \ 

borne by this acid to tho amount of \ 

tor treated in its production is about \ 

1-8 per cent. The impure or crude 

carbolic acid consists of carbolic and ^ 3 

cresylic acids, and their homologue8» ^ 

together with a variety of ini- ii i i^n ijirr' 

purities. It is next subjected to - ■— 

a process of fractional distillation, 

which separates the carbonaceous matters and tlie water, the latter amounting to about 15 per cent. 

of the whole. This operation is conducted in the apparatus shown in Fig. 491 ; A is a circular 

still of wrought iron, 4 ft. in diameter, 6 ft. high, and provided with a dished bottom ; it is set in 

brickwork (as shown in Fig. 492), with a double series of fiues, one to heat the upper portion of 

the sides, viz. the space included between e and / ,* the other, to heat the sides from / * 

downwards to g ; above the level of e, the still is furnished with a manhole o ; on ^ 

to the top of the still, a cast-iron head and arm B is bolted, as shown at 6 l>, the 

head B being fitted with a flange for that purpose ; at c, another flange is oast on 

the arm B, for the reception of a flange c of the leaden condensing worm O ; this 

condensing worm is of 2 in, bore at the commencement, diminishing to ^ in. at 

the outlet d. 

The distillate which escapes at d is collected in metallic coolers, about 22 in. 
high, holding about 12 gallons, and of the shape indicated in Fig. 493. They 
are placed in troughs, and snrrounded by a refrigerating mixture, produced by some cooling 
appamtus, such as Kirk^s, or Siddeley and Mackay's, refrigerating machine. The last is shown 
in Fig, 404; A is the refrigerator; B, the vacuum pump; G, the condenser; D, the ether 
meter ; E E, the water pumps ; F, the hand pump ,* G, the band-pump condenser ; I, tlie 

2 X 
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Bt«am engino, The refrigerator A« a copper tubular vea|||i, is charged with the requisite 
supply of liquid ether, which, by the actiou of the vacuum pump B, is evaporated, drawu 
away iu the fonn of vapour, and passed into the copper tubular condenser 0 ; here, under slight 
pressure, and by the aid of a stream of water, it is again reduced to its liquid state, and is 
thence returned through the ether meter D to the refrigerator A, to be re-evaporated. Thus 
the same ether is used continuously, with inappreciable loss. The ether meter D regulates the 



flow of the liquid ether to the refrigerator, rendering the machine self-acting. To utilize the cold 
produced by tlio evn})oratiou of the other, an uncongealablo liquid, such as very strong brine, or a 
solution of calcic chloride, is forced by the pump E through the tubes'of the refrigerator A, parting 
with its heat to the ether vapour on its passage, and leaving tliat vessoEat a temperature of — - 10 ° 
to — 7° (14° to 20° F.) — thus many degrees holow freezing point — to bo used in the freezing tanks, 
where the coolers represented in Fig. 403 are placed. The carbolic acid requires a long time for 
cooling; but BoUdifi<'S finally in the form of thick acicular crystals of impure acid, which liavc lost 
thoir carbonaceous impurities so far as to he only slightly drab-coloured; and, though strongly 
odoriferous, their smell is by no means unpleasant. After removal from the freezing tank, the 
coolers arc drained, by withdrawing the cork tiiat is inserted in the aperture at the bottom. The 
liquid pnisont escapes, and leaves a perfectly white acid, of indefinite crystalline form, fusing jd 
about 29° ( 80 ° F.), but still possessing a strong odour. This is known us Calvert’s “ No. 3 ” acid. 

Neglecting this “ No. 3 ” acid for tlio present, it will be well first to follow the mother-liquor 
which has been drained from it. This is placed iu a still, similar in all respects to that already 
described; 300 gallons of the liquid, of which a very variable proportion will be water, are 
redistilled, until there only remains in the bottom of the still about 30 gallons of a pitchy residue, 
which is run oft', while hot, in a fused state. The distillate is conducted through a leaden worm 
surrounded by water, for oondensation, and thence into coolers. In this product, there is present 
a certain amount of crystallizablo carbolic acid, as well as more or loss of crosylic acid. This 
latter, which is solnhlo in about 80 parts of water, and whoso boiling point is 190°-200° 
(374°-392° F.), is a constituent of all impure commercial carbolic acids, and is extensively used as 
a disinfectant, Ixfing frequently sold, for tliis purpose, ^nder the name of “crude” or “liquid” 
carbolic acid. It may here be mentioned that there has grown up a practice of passing otf, under 
this name, mixtures of tar oils, oontaining usually only a small percentage of carbolic acid, ami 
sometimes oven none at all, their general appearance and odour preventing their ready distinction, 
by the unscientific public, from the genuine aoidv Now the value of the liquid for disinfecting 
puiq)oso 8 depends upon the quantity of carbolic and cresylio acids present in it, and upon its 
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Ireedom from 't&r for these, own if ooutaining u small percentage of carbolic acid, are them- 
selves comparatively^ valueless for disinfection, and, being insoluble in water, hinder the solubility 
of the carbolic acid. No liquid , carbolic acid should be purchased, therefore, without a guarantee 
from the vendor as to its composition. 

A ready method of testing liquid carbolic acid, to asoOHain its genuineness, is to measure off a 
given volume in a graduated glass, and then to add to it twice its volume of a pure caustic soda 
solution of 14*^ Tw. at 15® (60® F.). As carl)olio and cresylio agids are both soluble in this solution, 
the “liquid” acid should, if genuine, entirely dissolve, • i shaking the mixture well together. 
The test for the crystallized acid in its fusing point; and, for the liquid acid, its solubility. 

F. Ok Calvert and O). do not scdl this liquid acid in its impure state; they subject it to 
another distillation, and r^r.iove all tniccs of sulphuretted hydrogen, producing a very slightly- 
tinted, clear liquid, having a much loss rank odour. This they distinguish as “ No. 5 ” acid, 
which they sell in bulk (casks, &c.) ; 6s. per gallon is the retail price. By redistilling this “No. 5," 
they got a still purer acid, called “ White No. 5,” which is the ordinary liquid acid sent out by 
them in bottles. This, as well as the preceding quality, is guaranteed to contain not loss than 
85 per cent, of carbolic and cresylio acids, and to be free from tar oils and sulphuretted hydrogen. 

To return to the “ No. 3 acid, fusing at 29° (85° F.). This is redistilled in the same kind of 
still; but tlie" worm for condensing the gases as they are evaporated has now to bo made of zinc, 
instead of lead, os the latter metal would colour the product. The distillate is run into coolers of 
tin or zinc, where it is allowed to cool in the air down to 32° (90° F.). The coolers are then 
pieroed, to drain off the liquid for reworking, leaving a mass of pure white crystals, fusing at 35° 
(95° F.), and corresponding with the acid produced by Laurent. This is Calvert’s “ No. 1 Com- 
mercial ” acid, used chiefly for the manufacture of the various carliolic acid colours. It is 
*froqu5ntly sold as purporting to be “ B. P.” quality ; but to obtain the real B. P. acid, it is 
necessary to remove from tin's commercial acid all traces oi suli)huroile<i ooinpoimds and coal-tar 
bases, and to rectify it in ordinary glass swan-ueek loiorts of about 4 gallons capacity, and having 
long glass tubes as condensers for the distillate. Here the acid must bt; treated and evaporated 
almost to dryness. The cooled distillate has the same fusing point as the acid whence it is derived. 
It is soluble in 20 paits of water, and should bo used exclusively for surgical api)lieatiou8. It forms 
Calvert’s “ No, 2 Medicinal ” carbolic acid, and is the only one wliich fullils all the conditions of 
the British Pharmacopoeia, drawn up by the late Dr. Cracro Calvert. 

In order to produce a more perfectly pure carbolic acid, advantage is taken of Low'o and 
Gill’s patented invention (1874), whoso object is to effect and facilitate the so})aiation of carbolic 
acid from the cresylic and other liquid tar acids contained in mixtures of theses products, which, 
wdien dehydrated by distillation in the usual manner, aro cry stall izable at 17°-35° (62°-95° F.). . 
The following method is adopted : - It is first ascertained whether the acids are partially or wholly 
hydrated; should they be in a deliydrated state, they must be hydrated by tlio addition of water 
to the amount of 5-30 per cent. Tlio hydrated acids are the . placed in suitable vessels surrounded 
by a cooling mixture, or circulating fluid, of a temperature siifliciently low to eftect the separation 
of more or less hydrated carbolic acid crystals, say — 9'" to 13^ (15° to 56° F>). This refrigerating 
process being complete, the mother-liquors are drained or otherwise separated from the crystals, aqd 
aro rectified in the manner already described, to bring them within the limits of the crystallizablo 
temperatures for re-treatment. 

The crystals may be purified from all traces of the mother-liquors, by rc-erystallization, either 
by partial fusion, or by solution in water and subsequent refrigeration of the water solution to a 
temperature of about 1° (.33° F.). The crystals are then dehyilrated by fractional distillation, and 
thus is produced a carbolic acid crystallizing at 38°-42i° (J00°-108°'5 F.), and boiling, with 
thermometer in liquor, at 181°-182° (358°-360° F.) under an atmospheric pressure of 29*26 in. 
of mercury. Calvert and Co. drain aw^ay the mother-liquor from tliis acid, and subject the latter to 
a special treatment, rendering it perfectly free from traces of sulphuretted compounds and coal-tar 
bases, then to a further rectification in glass, proilucing a chemically pure acid, fusing at 42° *2 
(107° * 9 F.), boiling at 182° (.360° F.), and soluble in 12J parts of water. This pure acid is composed 
of acicular crystals, and is entirely free from tarry taste and odour; it is known as “No. 1 
Medicinal ” acid, and is used nearly exclusively for intenial administration. It is sold in bottles 
of 1 oz. and upwards, the retail price being lOs. per lb. y|) 

Besides Calvert’s soaps, containing specific proportions of carbolic acid, there are two prepa- 
rations of the acid which call for a short notice, viz. carbolized powder and carbolized tow. 
The former consists of a mixture, in th« proportion of 15-20 per cent., of liquid 1 carbolic and 
cresylic acids, and an inert base, such as silica. Ferhaps silicate of alumina, or china clay, is the 
best ; lime, winch is sometimes used, is not so suitable, on account of its destructive nature to 
carpets, &c., should it by accident be spilled on them ; it would also set free ammonia, if present in 
the matter to bo disinfected. In this manner, H produced a disinfecting powder, in which the acid 
is left in a free state, thus allowing it to act by direct moans, or by evaporation. 


2x2 
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In order to readily detect the amount of real carbolic acid in a disinfecting powder, B. Lo Nere 
Foster, F.C.8., has devised the following rough method Place 1000 gr. of the powder in a 
small tubulated retort ; heat the retort gradually, until the liquid distillate ceases to drop (a brisk 
lieat is required towards the end of the operatiou) ; collect the distillate, which will condense in 
the tube of the retort, in a graduated cylinder grain measure, and allow it to settle for one hour, 
when the amount of oily liquid and water maybe read off; the oily liquid should represent the 
amount of carbolic acid ; to ascertain if tliis be so, to one volume of it, add two volumes of a 
solution of pure caustic soda, 14^ Tw. at 15° (60° F.), which will entirely dissolve the carbolic acid ; 
if any remains undissolvcd, it will probably consist of either heavy or light oil of tar, the most 
frequent adulterants of carbolic acid, and, in some cases, entirely substituted for it. The above 
process will, if carefully worked, give within J per cent, of the amount of carbolic acid really 
contained in the powder. 

Oarbolized tow is a prepanition of tow with carbolic acid ; it is recommended by the ‘ British 
Medical Journel,* in decided and unqufdified terms, and may with advantage be used for most of the 
surgical purposes to which lint, sponge, and cotton wool are now applied. 

Other Processes , — Schnitzler proposes to produce colourless crystallized carbolic acid, in the 
following manner. Eaw phenate of soda is thoroughly heated in a copper still ; water, naphthalene 
oils, and a little carbolic acid pass over, and the tire is niraoved when the distil late*bogins to run 
milky: 15 kilos, require about ten hours. The greater part of the carbolic acid remains 
combined with the soda, as a solid mass ; the temperature of the vapour during distillation may 
roach 170° (338° F.) ,* the sfjlid residue is afterwards dissolved out iii triple the quantity of water 
necessary. This liquid is allowed to settle for some days, when certain impurities are deposited. 
Dilute sulphuric acid is tliou addoil to tlie clear liquid, the carbolic acid is decanted and distilled in 
glass vessels; water passes over first, then pure carbolic acid, which crystallizes entire, and lastly a 
less pure carbolic acid, which, even after crystallization, retains some oily impurities. In order to 
obtain carbolic acid in 'a dry state, recourse must be had to digestion with chloride of calcium, 
followed by a now rectification; if required pure, only that portion which boils at 188° (370° F.) 
must 1)0 received ; the distillate, by refrigeration, furnishes crystals of the acid, which iqust be 
drained, dried, and preserved from contact with the air. 

To ascertain the percentage of carbolic acid in dead oils, &c., there is a simple method, based 
upon the boiling point of the acid. The substance is heated in a still, and the oily liquid distilling 
at 150°-200° (302°-392° F.) is wtdl mixed with a solution of caustic soda, which combines 
with the carbolic acid, forming a compound which may bo readily decomposed by any strong 
mineral acid. Briefly, the process amounts to a preparation of carbolic acid, carried on so carefully 
as to render it suitable for ascertaining quantities. 

Professor Church remarks that tho rank of carbolic acid as a most valuable contribution from 
chemistry to medicine is so well assured as to require no confirmation, yet there is an objectioft 
urged against the substance, which has some apparent force, simply because the preparatious of 
commerce are so seldom free from a gas-liko or naphthalic odour, which, though entirely foreign to 
carbolic acid itself, has condemned its use in some quarters. Ho adopted the following simple 
plan of purifying such acid : — 1 lb. of carbolic acid is poured into 20 lb. of cold distilled water, 
taking care not to permit tho whole of tho acid to enter into solution. With a good sample, if 
after repeated shaking at intervals, 2-3 ounces of the acid remiiin at the bottom of the vessel, this 
will be sufficient to hold all the impurities ; with bad samples, less water or more acid must be used. 
The aqueous solution is siphoned off, and filtered till perfectly clear ; it is then placed in a cylinder, 
and common salt is added with agitation till it no longer dissolves. On standing, the greater part 
of the carbolic acid will be found, as a yellow oily layer, on tho top of the saline liquor, and may 
be removed for use. As it contains 5 per cent, or more of water, it does not generally crystallize ; 
but it may bo made to do so by distilling it from a little lime. The portion collected up to 185° 
(365° F.) or thereabouts has, at ordinary temperatures, scarcely any odour, save a faint one 
resembling that of geranium leaves. The saline liquor remaining may be distilled, to yield a 
second portion of pure carbolic acid, which will serve as a disinfectant and deodoriser. 

Impuritm.--^One of the most common impurities found in carbolic acid is coal-tar oil. This can 
easily be detected by mixing tho suspected acid with a solution of pure caustic soda, 14° Tw. at 
16° (60°#’.), one volume of the former to two of tho latter, and agitating. If pure, the solution 
will be complete ; the amount left umlissolved after settling will indicate the proportion of im- 
purity. Pure carbolic acid gives a blue colour to pine wood previously treateil with hydrochloric 
acid : a green colour indicates aniline ; and a brown, pyr^hol. 

Poisoning and Antidotos.’^In cases of poisoning with oarbolio acid, Dr. Calvert recommends the 
administration of copious doses of castor and sweet oils. In cases of external bums, glycerine should 
be immediately applied, and the affected parts should be repeatedly washed with it. Dr. J. Ha^e- 
maun recommends a strong solution of sacchars^W uf lime, as an antidote. OarboHc acid is a 
most powerful poison ; it can cause death even when it acts only upon the skiHt it should never 
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t>e sprinkled tipcai floors, nor npon any surface likely to be used as a seat, unless it be in perfect 
solution in water. In an impure state, or in solution, it has been swallowed in mistake for porter 
or spirits. The signs indicating poisoning by carbolic acid are especially the whiteness of the 
mouth, tongue, aud fauces, and the characteristic odpur. Sansom recommends the immediate 
administration of the white of eggs. 

Besides the tests already indicated on p. 41, attention is directed to the following: — 
(1) Dr. W, F. KoppeScheoar’s method of estimating volumetrieally, by the aid of a titrated volume 
of bydrobromio acid, fully detailed by him in the ‘Monitcar Sdontifique,* Apr^l, 1878. (2) Prof. 
BL W. Davy f)b8erve8 that a solution of molybdic a^id in sulphuric acid produces a light-yellow or 
yellowish-brown tint, developing into purple. This test appears not to be interfered with by the 
presence of organic substances, and affords a means of distinguishing creasote from carbolic acid, a 
matter of commercial importance, much of what is sold as ores sote being little else than carbolic acid. 
Recent files of the * Analyst * may also be consulted with advantage. 

i/m.— The next consideration will be some of the uses which may be made of carbolic or phonic 
acid (oi rather alcohol, for its properties are alcoholic rather than acid), for sanitary, domestic, agri- 
cultural, and manufacturing purposes. 

The antiseptic or germ-killing properties of this substance are very remarkable. Research and 
discovery have shown that all fermentation and putrefaction are due to the presence of miorosoopio 
animals or vegetables, wliich, during their vitality, decompose or change organic substances, so as to 
produce the effects which are witnessed. As carbolic acid exercises a most powerful destructive 
action upon these rniorosooijic and primitive sources of life, it is therefore an antiseptic and disin- 
fectant, much more active an<l much more rational than those generally in use, 

is necessary here to make a few remarks, explanatory of the distinctions between deodorizers, 
disinfectants, and antiseptics. All substances acting merely as deodorizers are neither disinfectants 
nor antiseptics, as they simply remove the noxious gases and odours emitted from organic matters 
whilst in a state of decay or putrefaction, without having the property of arresting decomposition or 
fermentation. It has boon proved that the source of infection does not lie in the noxious gases and 
bad smells (which are simply indicators of its probable existence), but in microscopic spores floating 
in the atmosphere, and which are ultimately developed and propagated. 

Disinfectants are those bodies which prevent tlje spread of infection. Under this head, may bo 
classed bleaching powder or chloride of lime, sulphurous acid, and i)ermanganate of potash. They 
act first as deodorizers, and then as disinfociaiits ; but they must be employed in large quantities 
to thoroughly oxidize or burn up organic matters, so as to prevent them from again entering into 
decomposition when exposed to the atmosphere. They are, in fact, rather destructive agents than 
disinfectants properly so called, and aro nov<?r antiseptics. 

Antiseptics, such as corrosive sublimate, arsenious acid, essential oils, carbolic acid, &c., act as 
such by destroying all source of deciiyand decomposition, that is to say, they destroy or prevent the 
formation of the germs of putrefaction and fermentation, wiihout acting upon the animal or vegetable 
matters present. The advantage of their use is, therefore, that they act, when used in small 
quantities, upon tlio primary source of a stale of decay in all organic matters. Further, they are 
deodorizers, inasmuch as they arrest the progress of that decomposition which generates offensive 
odours ; thus, while an antiseptic is, of necessity, at the bamc moment, a deodorizer and a disinfectant, 
these latter arc not necessarily, and probably never an^, antiseptic. 

Now disinfectants, such as chlorine, permanganate of potash, or Condy fluid, operate by oxidizing 
not only the gaseous products given off by putrefaction, but also all organic mutters with which 
they may come into contact; whilst carbolic acid, on the contrary, merely destroys the causes of 
putrefaction, and, at the same time, sterilizes the organic matter, i-endiTing it inert as a pabulum for 
the reproduction or the nutrition of disease germs. The great difference which distinguishes 
them, therefore, is that the former deal with the effects; the latter, with the cause. Again, those 
miorosoopic ferments are always in small quantities, as compared with the substances on which tliey 
act ; as a very small quantity of carbolic acid suffices to prevent the decomposition, its employment 
is both efficacious and economical. Moreover, carbolic acid is volatile, it meets with and destroys 
the germs or sponiles as they float in the atmosphere ; but this cannot bo the case with Condy 
fluid, nor with chloride of zinc or iron, which are not volatile, act only when in solutiop, and are 
more deodorizers. This is why carbolic acid was used with such marked success, in England^ 
Belgium, and Holland, during the prevalence of cholera and cattle plague. Professor Crookes 
did not meet with a single instance in ^hich the plague spread on a farm where the acid W||^ 
freely used. 

The antiseptic properties of carbolic acid are so powerful, that one-thousandth, and even one 
five-thousandth, part will, for months, prevent the decomposition, fermentation, or putrefaction of 
urine, blood, glue solution, flour paste, fssoes, &c., &o. ; and its vapour alone is sufficient to preserve 
meat in confined spaces for weeks; and even a Uttle of its vapour in ordinary atmosphere will pre- 
serve meat for several days, aud prevent its being fly-blown. Indeed, one ton-thousandth part has 
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been found sufficient to keep Bowage sweet, for Dr. Letheby found that, through the ui4e of such a 
quantity of carbolic acid in the sowers of London, during the existence of cholera in 1866, the sewers 
of the city were nearly deodorized. 

Some experiments made by Dr. Calvert, on the comparative powers of various products ordinarily 
used as antiseptics, consisted in placing in bottles (not corked) solutions of albumen and flour 
paste ; to tliese were added various proportions of some substances patronized as antiseptics ; 
tile following table shows tlie results obtained : — 


Antiseptic employed. 


McDougall’s disinfecting powder 

Oarbolio disiufeiding powder (15 per coni, add) 

Ohloralum (made lately) 

Chloride of zinc 

Cliioride of lime 

Permanganate of potash 

Tar oil 

Carbolic acid 

Cresylic acid 

None 


PercentAgc 

of 

AutiMeptlc. 


5 

5 

2 

2 

5 

5 

2 

2 

2 


Time in which it acquired an offensive odour. 
Temperature from 70° to 80° F. 

Alhumon. | Flour Paste. 


11 days 

Remained sound 
y days 

15 days 

16 days 

4 days 
11 days 

Remained sound 
Rornainod sound 

5 days 


25 days 

Remained’ sound 
10 days 

Remained sound 
14 days 

6 days 
25 days 

Remained sound 
Remained sound 

7 days 


These figures show clearly that the only true antiseptics are carbolic and cresylic acids, for they, 
continued their action till tijo albumen solution and paste dried up ; and these results coincide 
with those obtained by Professor Crookes, and by Drs. Angus Smith and Sansom. 

It may be remarked that disiiifcclanls arc of two classes, those which act by oxidation, destroying 
the organic substances which give rise to the infoctiou, such as permang&nate of potash, bleaching 
powder, and nitric acid ; and ilioso which act by their presence, ^^nd(Tgoillg no decomposition them- 
selves, but appeoriug to poison, or render innocuous, the germs of disease. To the latter class belong 
camphor, and sulphurous and carbolic acids. 

If deodorizers arc merely intended to remove the noxious odour from any mass of matter in a state 
of decay or decomposition, they may be used with advantage: such are chloride of manganese, 
chloride of lime, sulphate of iron, pc'rmanganato of potash, cbloralum, &c. Rut if it is desired to 
prevent the decomposition of organic matter, and to nmder it inert for the reproduction and 
nutrition of disease goiins, carbolic and cresylic acids seem to be the only two substances to bo 
relied on. 

As the products given off from decaying organic matter are well known to facilitate the decom- 
position of similar classes of substances to thcujselves, if placed in close i)roximity (the atmosphere, 
no doubt, conveying the germs), Dr. Calvert made the following experiments, with a view of ascer- 
taining which of the undermentioned products would possess the most active power in destroying 
such germs, and thus preserving the animal substance from decay. At the bottom of wide-mouthed 
pint bottles, he idaceil a known quantity of each of the antiseptics, and suspended over them, by a 
thread, a piece of sound meat. By daily cxuminn,tion, it was easily ascertained when the meat 
became tainted, and when putrid. The subjoined table indicates the results : — 


Antirteptic used. 

Permanganate of potash 

Cbloralum 

McDougall’s disinfecting powder 

Chloride of lime 

Tar oil 

Chloride of zinc 

Carbolic disinfecting powder (15 per 

cent. aci<l) j 

Carbolic acid 
Cresylic acid 


Became Tainted. 

Putrid. 

2 days 

4 days 

2 (lays 

10 days 

12 days 

19 days 

14 days 

21 days 

16 days 

25 days 

19 days 


Did not become tainted, but drie 

up and became quite liard. 

Ditto 

Ditto 

Ditto 

Ditto 


The following account of a series of experiments, undertaken by Haro and Longstaff, with a 
view of determining the relative merits of a few so-called disinfectants recently introduced, as com* 
pared with others that have been long before the public, will be of interest. It should be premised 
that they only deal with the relative values as autiseptios. 

A quantity of urine was well mixed with a sufficient quantity of water to prevent the deposition 
of urates ; 100 o.c. of this mixed urine was placed in each of thirty-fotir vessels. To two of them, 
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5 O.Q. of tap-water were added ; and to tine others, the various antiseptics in the following amounts : 
■^Of the solids, 0*1 grm, with 5 c.o. of water ; of the liquids miscible with water, 5 c,c. of a solution 
containing 0*1 c.o, of the antiseptic; and, in the case of the liquids not miscible with water, 6 c.o. 
of a recently agitated emulsion of the same strength. Thus in each case, the amount of antiseptic 
used was 0*1 per cent, of the volume of urine experimented on. All the experiments were in dupli- 
cate (I. and II. in tables). The only phenomena looked for wero the appearance of mould, and a dis^ 
tinct putrefactive odour ; — 


Antiseptic, 0*1 per cent. 

Day on which Mould 
appeared. 

Day on which Putrefac- 
tive Odour was distinct. 


I. 

11. 

I. 

II. 

Water only 

9 

9 

14 

13 

Terebene (Dr. Bond's) 

10 

10 

13 

18-23 ?* 

Carbolic acid (Calvert’s No. 5) . . 

None by 73tb day 

None by 75th day \ 

Burnett’s fluid 

9 

9 

12 

12 

Oondy’s red fluid 

10 

10 

15 

10 

Turpentine 

18 

14 

18-23? 

18-23?* 

Chloralum 

8 

8 

10 

11 

Borax 

8 

9 

18-23? 

18-23?* 

Cupralum (Dr. Bond’s) 

8 

8 

12 

12 

Ferralum (Dr. Bond’s) 

None by 14tli day 

8 

8 

Sodium siilicylate I 

10 

10 

14 

14 

Sanitas (aromatic, No. 3) .. .. | 

8 

9 

9 

10 

Sanitas (inodorous, No. 3) .. .. j 

McDougall’s fluid | 

9 

9 

15 

11 

12 

9 

13 

12 

Sanitas (aromatic, No. 1) .. .. j 

9 

9 

14 

14 

Sauittis (inodorous, No. 1) .. .. 

9 

8 

15 

11 


• Some uncertaiuty as to exact day, owing to absence. 


As regards mould:— Burnett’s fluid, chloralum, borax, cupralum, and sanitas failed to delay its 
appearance ; terebcnc, Oondy’s fluid, sodium salicylate, and McDougali’s fluid had but little effect ; 
turpentine delayed it four or five days ; ferralum was only under observation fourteen days, during 
which no mould appeared; carbolic acid appeared to prevent it entirely, since, after sevi'nty-five 
days, the urine had evaporated nearly to dryness, without the slightest trace of mould having boon 
observed. 

As regards putrefactive odour : — Its appearance was delayed a few days l)y terebeuo (one experi- 
ment), tur])entine, and borax ; no putrefactive odour appeared whore carbohe acid had been added ; 
the other substances had no effect. 

A few oxperiiueuts wero made with the fluids after they had become putrid, by adding more of 
the antiseptic until the odour was removed, and thou noting when it again became perceptible. 
Those indicated that Icrobeno, cupralum, sodium salicylate, and McDougall’s fluid rank highest as 
deodorizers, while Condy’s fluid and sanitas (aromatic, No. ii) have least power. But too much 
value must not be given hj experiments which depend solely on the sense of smell, since it is very 
deceptive, and different observers disagree about odours. Indeed, in the case of McDougall’s 
powder, which has a very disagreeable smell of its own, it was found impracticable to decide whether 
an additional odour of putrefaction was or was not present. 

The medicinal ai)plications of carbolic acid are numerous. It is used as a caustic ; for pul- 
monary diseases; in several skin diseases; in the treatment of burns and scalds; and in many 
other ways. 

From a hygienic point of view, the uses and applications of carbolic acid are more general than 
those of any other article, or perhaps even than all the other agciits taken togolhor. The trifling 
disadvantage of its disagreeable odour is removed in proportion as the oils and other tarry matters 
are more perfectly separated; and, in the best crystallized samides, there scarcely remains any 
odour at all, and that by no means disagreeable to persons in general. All the evidence that cun 
be collected goes to show that the odour and vapour are wholesome and never hurtful, even by pro- 
longed exposure to a saturated atmosphere. It is said to bo a tonic to those who work in it, and to 
have a general tendency to robust health. Its antiseptic or preservative powers have been long 
known, though but recently investigate!! ; and generations of men have protected and preserved 
their moats and fish through its agency as derived from smoke. Bmall animals, insects, &c., killed 
by it, dry up in the air without putrefaction ; by its use, crawling insects of all kinds can be pre- 
vented from attacking trees. ^ 

Its employment in stables, shippons, slaughterhouses, pigsties, kennels, middens, and privies, 
iloes not cause the manure to deteriorate. For foot and mouth disease, scab, and foot-rot, it is an 
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efficacious remedy. By its use, the trade Id skins and bones from Anstrftlla, Bontb Amedoai 
&c., is being benefited. Often the refuse of cattle, especially the bones, come to this country in 
a half putrid state, emitting an insupportable odour, and fit only for manure; with carbolic noid 
treatment, they arrive perfectly preserved, and can be employed for nil the uses to which green or 
raw bones are usually applied, thus increasing their value very considerably. Hides also frequently 
arrive putrid, although they have been dried or salted ; it is only necessary to immerse them for 
twenty-four hours in a solution of two per cent, of carbolic acid, and to dry them in the air, to secure 
their preservation. It is probable that, in a short time, the blood, intestines, and other p^ts of the 
animals slaughtered in such numbers in stock-raising countries, will be treated with oarlx)lio 
acid, and shipped to this country for manure. The acid is already used in the preservation of guts 
at the gut works ; for keeping anatomical preparations ; and for the preservation of all animal 
matter. It is also used for preventing the decomposition of the various albumen, flour, and starch 
thickeners used in calico printing, os well as for gelatine or bone size, employed for sizing 
fustains and other cotton goods. 

Derivatives from Carbolic Acid.— Of these, the most important is carbazotic, picric, or tri- 
nitrophenic acid (see p. 40). From this acid, are produced several useful compounds employed as 
dye&, explosives, and therapeutic agents. 

Ficramic Acid, — This was obtained in the first instance by Woohler, by the action of sulphate 
iron on picric acid, and neutralizing with caustic barytes ; a deep brown salt was produced, from 
which the baryta was sepnrab^d by sulphuric acid, leaving an acid which was called “ nitrolifle- 
matic.” But the process by whi<di picfamic acid is now manufactured is due to Aim^ Girard, and 
depends upon the action of hydrosulphate of ammonia on picric acid. Pioramio acid imparts to 
silk a series of brown tints, similar to those obtained from catcclm. 

Isopurpurate Potash, — This is obtained by mixing a solution of 2 parts cyanide potassium in 
4 parts water, with solution 1 part picric acid in 9 parts boiling water, with constant agitation ; on 
cooling, it solidifies to a red crystalline pulp ; this is strained, pressed, triturated, filtered, washed, re- 
dissolved in boiling watcT, fdtered, and loft to crystallize, when it forms reddish-brown scales, with 
-a green lustre ; these disscjlve in water and alcohol, yielding a purple-red colour. 

Isopurpurate ammonia, Murexid, or Soluble Garnet.— -This is formed by decomposing isopurpu- 
rate potash by means of ammonium chloride. 

Isopurpurate aniline. — This results from a mixture of 42 parts hydrochloride aniline, and 100 
parts isopurpurate potash, and yields browns and reds. 

Piemtes Ammonia^ Potash,, and Soda. — Tliese are formed by neutralizing a hot solution picric acid 
by one of the ngents named. Their chief use is owing to their explosive qualities, but the ammonia 
salt lias been highly spoken of as a therapeutic successor to sulpliato quinine. 

liosolic Acidf Aurine^ or Yellow Coralline, — This may be produced by the direct oxidation of car- 
bolic acid. The process generally adopted for its manufacture is duo to Jules Persoz A mixture 
is made of about 3 parts carbolic acid, 2 parts oxulic acid, and 2 parts sulphuric acid. The oxalic 
acid is added by degrees, and the whole is hoatod for some hours at about 160° (320° F.). Tho 
heating is best efiected by Bunsen burners. During the reaction, more or less lively effervesoenco 
is produci'd, due to tho disengagement of carbonic oxides, arising from the decomposition of tho 
oxalic acid. The muss thickens and beconu'S reddish-brown. The operation is terminated when a 
sample thrown into ammoniacal water di^solvos with a reddish -purple colour; the fire is then with- 
drawn, and tho compound is run off by a leaden sijdion into cold water, to separate the greater part 
‘of the excess of sulphuric acid and tlm sulphophenic acid formed. It is steamed up several times 
to complete’ tlie purification, and is then a pasty cantharides-greon mass. This is dried in jacketed 
enamelled pans, by which it becomes hard and brittle. The whole process occupies about a week. 
It is soluble in alcohol, but not in water. Dr. Calvert discovered, in 1863, that rosolic acid thus 
prepared could be (-mployed directly as a dye, and introduced it to dyers under the name of “ aurine,*’ 
and to printers to produce upon silk and albumcnized cotton magnificent orange colours, like those 
of basic chromate of lead, or of turmeric. The calcium lakes of aurine are largely used by paper 
Stainers. 

Peoninc^ or Med Coralline, — In 1860, Persoz discovered that rosolic acid, heated under pressure 
with ammonia, gave rise to a red substance which he called “ Peonine.” Gunion, Mamas, and 
Bossuet perfected the manufacture, and gave it the name of “ Red coralline.'^ It is prepared by 
introducing into a digester 1 part rosolic acid, and about 3 parts commercial ammonia, and heating 
the mixture with an oil bath for three hours at a temperature not exceeding 150° (302° F.). The 
mass, withdrawn from tlie apparatus after cooling, forms' a thick liquid of golden-crimson colour, 
which is precipitated on addition of hydrochloric acid. It imparts a brilliant scarlet to silk and 
worsted. 

Azuline — The same firm introduced, towaid#^e end of 1860, a blue dye, derived from rosolic 
acid, which they called “ Azuline.'* This is prepared by heating for several hours, at about 180° 
(360° F.), a mixture of 5 parts rosolic acid and 6-8 parts aniline, and which is purified by repeated 
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treatment vith snlphnrio acid and benzal, constitatiog, when dry, a red mass having gold, 
eolenred tiints* Though disooverod before the aniline blues, which have since become formidable 
rivals, it is still manufactured in competition with them. 

Feredm^,-— In 1863, was produced the first green derived carbolic acid ; but it has not been 
able to compete with aniline greens. It was obtained from a mixture of aniline, and benzoic and 
rosolic acids. 

Fhmicieme.’^'HYaQ was discovered, in 1863, by M. Roth; it produces fast colours, from a garnet- 
red to a golden-buff, and is obtained by the action of nitro-sidphuric upon carbolic acid. 

Sulph<Hsarb(d^'n jicid and its Salts, — When one equivalent carbolic acid is slowly mixed and heated 
with two equivalents concentrated sulphuric acid in an earthenware pan, a definite compound is 
formed, called sulpho-carboBo acid OaHeSO^, which is dissolved out by the addition of water. The 
heat must be applied carefully, on account of the carbonizing influence of the sulphuric acid. The 
sulpho-earbolic acid is freed from sulphates by adding carbonate of baryta, which falls to the bottom 
of the vessel as sulphate of barium, and the liquid acid may be decanted. It forms a great number 
of definite salts, every one of which is soluble in water. The most important arc those of soda, 
potash, zinc, iron, magnesia, and lime ; all are largely used for pharmaceutical purposes. 

Salicylic Acid. — Salicylic acid (to which much attention has lately been drawn), originally a >pro- 
duct obtained in the laboratory in small quantities from the plant called Wintergrecn (^Gaultheria 
procumbens), is now being produced from carbolic acid on a cfnnmcrcial scale on the Continent, by 
the process of Professor Kolbe, of Leipzio. Carbolic acid is heated with solid hydrated oxide sodium 
in a closed iron retort, the temperature being 'maintained at a}N)ut 183° (361° F.), till the water, 
and the excess of carbolic acid, have passed over into a receiver, dry carbonic gas being passed 
into^the contents of the retort in a continuous stream. The temperature is finally made to exceed 
200° (392° F.), the mass becomes solid, and the operation is terminated when but little residual 
acid distils over. ■ Tho contents of tlie retort, after tlic above operation, contain some salicylate of 
soda and free carbolic acid ; they are dissolved in vrater, and by the addition of slight excess of 
hydrochloric acid to the solution, the salicylic acid is precipitated. It is then washed, and thus 
purified from all traces of tho hydrochloric acid. The salicylic acid thus produced is a yellowish- 
white powder, devoid of smell, fusing, when pure, at 158° (310° F.), sparingly soluble in cold water, 
but readily soluble in boiling water. Its chemical composition is C.HuOj ; or, in other words, 

1 equivalent carbolic acid -f 1 (Kiui valent carbonic acid. It may bo sublimed unaltered ; but when 
heated strongly with powdered glass or sand in a r< tort, it is resolved into carbolic and carbonic 
acids. It possesses antiseptic properties, though in a less degree than carbolic acid. As a general 
disinfectant, it cannot become a rival to carbolic acid, owing to its lessor antiseptic power, and its 
higher price, this latter being entire ly dependent on the cost of tho carbolic acid from which it is 
manufactured. It is, however, being now employed in some of the German hospitals. 

Naphthalene Derivatives. — Clavel (No. 2296, 1868) obtains a red colour from napthylamine 
(q. V.), which is acted upon at 121° (250° F.) with equal pio te by weight glacial acetic acid and 
nitrite of soda, until tho retl colour is produced. Tho colour, after treatment with water, is dissolved 
in warm diluted acetic acid, from which it may bo soparaled again, by common salt, for purification. 
Its solution in alcohol or weak acid may be used for dyeing or printing ; it^is loss altered on 
exposure than rosanilino reds. A scarlet lins been obtained by treating the sulphate of naphthyl- 
amine with nitro-muriatic acid. 

Magdala Pinky O ' Hofmann* s Naphthalene Fed, — This colour is obtained by heating together amido- 
azo and amido-naphthalenes (q. v.), and is sold as a brown crystalline powder, which is the hydro- 
chlorate, soluble in alcohol with a deep-rod colour, almost insoluble in cold water, but soluble in 
boiling water. Its alcoholic solution is precipitated by ether in a crystalline, brownish powder. 
Its dilute solutions have a splendid bright-red fluorescence. A few drops of a concentrated solution 
dropped into a test-tube full of alcohol, will take, by reflected light, a bright-red cloudiness, ns if 
turbid ; but by transmitted light, will appear jierfectly clear, with a fine rose-red tint. This is the 
most important colour from naphthalene ; but its manufacture being more troublesome than that of 
the aniline colours, it has not been much taken up. It does not equal aniline colours in deeper 
shades, but gives brighter tints. It has been pointed out as a source of other colours, 

Napthylamine Violet, — By using the same reaction as with aniline, arsenic acid, &o., violet colours 
have been obtained, but they are wanting in brilliancy and freshness. Ballo obtains a very fine 
violet, by heating acetate rosaniline with naphthylamine ; its alcoholic solution dyes equal to the 
aniline colours. 

Vidadne. — A blue dye of this name^is obtained from an impure naphthalene by treating with 
strong caustic alkali, and submitting the product to oxidation (No. 8080, 1873). It is said to 
dye a fast blue colour with a reddish tinge, which, by complete purification, turns yellowish. By 
oxidizing naphthalene with chromic acid, a beautiful red maUer is produced, to which Laurent 
has given the name of ** Carminnaphte ; it dyes silk and wool violets having orange or reddish 
shades. 
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Naphthalene Yellovos . — Price (No. 89, 1869) produces a sulpho-acid by heating at 100® (212® F.) 
about 1 lb. naphthalene with 1 lb. concentrated sulphuric acid, till most of the former is converted 
into sulphonaphtlialic acid, which is neutralized by an alkaline solution. By evaporation and fusion 
with an alkali, naphthol is obtained on precipitation with a dilute acid. The naphthol or naphthylio 
alcohol is then dissolved in strong sulphuric acid, to which warm dilute nitric acid is added. The 
solution passes through different tints, and finally assumes a yellow ; on cooling, the colouring 
matter crystallizes out. It may bo purified by solution in alkali, and roprecipitation with muriate 
of ammonia. 

Manchester YeUo\M , — On the large scale, this is obtained by adding sodium nitrite to a solution 
of amido-naphthalone and hydnxihloric acid, and boiling the diazo-naplithalene chloride thus formed 
with nitric acid. Ballo heats 1 part naphthylamine with 4-0 parts nitric acid (sp, gr. I* 86), as long 
ns brown vapours are produced. The dinitro-naphthol thus formed dissolves in alcohol, ether, and 
benzol; and crystallizes in fine citron-yellow needles. It is the finest and purest yellow known ; it 
dyes silk and wool all shades of yellow from bright citron to orange, and is largely used for dyeing 
wool and leather, and printing felt carpet ; 1 lb. will dye 200 lb. wool an intense yellow. 

Chhr-oxy-naphthalic Acid . — Laurent and Castlielaz have adopted this substance for dyeing 
(18G5, No. 1605). It dyos unmordanted wool an intense red ; by boiling with zinc in an alkaline 
solution for fifteen or twenty minutes, the liquid becomes yellow, from which hydrochloric acid 
deposits a brownish flocculent precipitate ; its alcoliolic solution dyos wool and silk violet ; on cotton, 
the same may bo fixed with albumen, 'i’ho dilute solution dyes blue on wool, silk, and mordanted 
cotton ; acids redden it. 

Phthalic Acid^ or Anhydride ; — Tiiis is formed by strongly oxydizing naphthalene. It 

melts at 175® (347® F.) from boiling water, and crystallizes in plates or thick prisms. It has the 
same ndation to benzoic acid as the latter has to benzol. When calcium phthalate is heated with 
quicklime to 300® (572® F.), it is converted into calcium benzoate; but, at higher temperatures, 
pure benzol is formed. Laurent and Oasthelaz have proposed to obtain artificial benzoic acid by 
this reaction, 

Quinizarine ; Ci4H„02(0H)2. — When phenols are treated witli phthalic anhydride, or when 
sulphuric acid, phtlialic anhydride, and hydroquinoiio arc heated together, quinizarine is formed ; 
it crystallizes from ether in yellowish plates, and from alcohol in deep rod needles. It resembles 
alizarine, but gives a different absorption spoetrnm. 

Gallmc ; 02 oH, 207 . — By healing at 100®~200® (374®-392® F.), till the mass acquires a pasty con- 
sistency, 2 parts pyrogalUe acid and 1 part phthalic anhydridis the mixture turns red. It dissolves 
in alcohol, and, when liltenMl, may be i)reeipitalod with wahiv; this method may be used for its 
purifloatioji. Ou alum mordunt(.d ebdlis, it dyc's r(‘d shades resembling those of Brazil wood. 

(7arw/*/k? ; — This is obtained by heating gallin with 20 parts sulphuric acid to 200® 

(392® F.) ; the process is terminated when a sjxniplo heated with water gives broVn flocks and a 
colourless solution ; the mass is thm turned into a large quantity of water, and washed with boiling 
water. It dyes aliun-mordauted fabrics a greenish colour ; and thoso mordanted with salts of iron, 
brown. 

Jicsoroine^ is obtained by fusing several resins ; its source is disulpho-benzolic acid, 

which, by fusion with caustic alkali, yhdds a mixture whence the resorcine is extracted by ether. 
Bindschcdlcr and Busch give the following for its preparation; — 90 kilo, fuming sulphuric acid 
(80® B.), and 9i kilo, pure benzol, flow gently together through a cohobator into a cast-iron still, 
and are constantly agitattid ; the vapours are coudensod, and fall back again into tlie still ; at the 
end of two or three hours, sulpho-beiizolie acid is formed. The cohobator is closed, the still is 
connected with a eoudenser, ami the fomperature is raised to 275® (527® F.) for about twenty minutes ; 
the disulpho-acid thus formed is thrown into about 2000 lit. water and boiled ; the excess of sul- 
phuric acid is removed by lime ; the solution contains disulpho-heuzolate lime. This is converted 
into a soda salt, which after filtering is evaporated to dryness ; 60 kilo, are placed in a cast-iron 
boiler containing 150 kilo, caustic soda at 76® B. ; the whole is heated for eight or nine hours to 
270® (518 F.), with constant stirring. It is cooled, dissolved in 500 lit. water with hydroohlorio 
acid in slight excess, and kept boiling; when cool, it is filtered into copper cylinders, about 
250 lit. capacity, supplied with agitating fans ; a current of ethylio other percolates slowly through 
the liquid, taking up the resoroino. This solution is received in an enamelled still, where the 
ether is eva}X)ratod and returned to the cylinders ; this is continued until all the resorcine is taken 
up. The resorcine remains in the still, which is finally healed to 215® (419° F.) ; the resorcine 
then passes over almost chemically pure. 

Fliiorescincjor Besorcine-P/Uhaline ; CagHijOj. — This is formed by fusing 100 parts resorcine with 
75 parts phtlxulio anhydride to 198® (880® F.), heating together for one hour ; on cooling, it is powdered, 
and is ready for use. It forms dark brown crystals, dissolving in ammonia with a red colour ; this 
solution exhibits, oven when dilute, a most beautiful green fluorescence. It dyee silk and wool a 
splendid yellow. It is used priuoit>ally as a source of eosine. 
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J^os^ne.— When fluoreecme is heated with btommo,*a substance is produced, which, when trcatod 
with potash or soda, dried,, and powdered, has a brick-red colour ; it dissolves in water, and dyes 
beautiful scarlet shades. 

Yellowish Eosine. — To one kilo, fluorescine, stirred into 10 lit. alcohol, is added in a gentle 
stream 1 * 1 kilo, bromine with constant agitation. This converts the fluorescine into a soluble brown 
compound, which, by the furtlmr cautious addition of 1 • 1 kilo, bromine, is converted into a crys- 
talline precipitate of tetra-brom -fluorescine, this is wasl^ed with a little alcohol, stirred up in worm 
water, and taken up with caustic soda or potash, taking care to avoid an alkaline reaction. The 
solution is evaporated, when the tetra-brom-fluorcsoino salt of sodium or potassium is obtained as a 
crystalline deliquescent flowder. It dyes a fine scarlet with a yellowish tint. 

Blueish Eosine. — Fluorescine, and tlie necoasary quantity of iodine are dissolved separately in 
alkaline water, and mixed. An acid is ad<lcd, which, by setting free both the iodine and fluorescine, 
causes them to combine. A crystalline precipitate is deposited, soluble in dilute alkali, and 
forming the tetra-iod -fluorescine salt of sodium or potassium. It gives a blueish scarlet eosine, 
soluble in alcohol. Alcoholized derivatives are obtaii^ed by ]j eating with alcohol and sulphuric 
acid in a cohobator. The methylic compound is more yellowish than the ethylic. These compounds 
arc soluble in equal parts alcohol and water. Other eosine colours are obtained, but they have* not 
yet met with much demand. The commercial salts are generally those of sodium. 

Griess (1877, No. 3698 ; 1878, No. 4728), obtains colouring matters by acting upon the diazo 
compounds of the nitro-phenols with certain derivatives of the phenylic series. Picramio acid is 
converted into its azo derivative, and, by treatment with carbolic acid, yields yellow or brown 
colouring matters ; a maroon is obtained by using resorcino or orcine instead of carbolic acid. Beta 
, napljithol and the azo derivative of picramic acid gives purple ; either alpha naphthol or the sulpho- 
napthalic acids may be used instead. 

Poirrier, Rosenstichl and lloussin (1878, No. 4489), convert phthalamino into a sulpho conjugate 
body, which is afterwards nitrated into a diazo derivative ; this is united directly with phenols or 
amines for the production of direct colouring inattcrs. With beta naphthol, a material is obtained 
which dyes wool a very intense red, ns if produced by orcbol. 

Alizarine; 0i4Ha02 + (HO) 2 . — This substance is found in tl)o dried roots of Ihihiacem^ and 
forms the principal portion of the colouring matter of the madder plant (see Dye Stuffs). The very 
large consumption of madder in this country made the artificial pioductiou of the dye a matter of 
importance, honoo England has taken the lead in developing tlio production of the colour from 
coal-tar. The source of artificial alizarine is anthracene, a product from wliich nuiTiy other colours 
are probably destined to be derived. The only firm engaged in the manufacture in this country is 
that of Burt, Boulton, and Heywood, Silvertown. I'lic anthracene is first converted into di-brom- 
anthraquinone, di-sulpho-antiiraqiiiMonic acid, or di-iiitro-anthrcxpiiiiono (q.v.), wliich on fusion 
with potash, maintained until the mass assumes a lino viohd. colour, yields a melt from which the 
colouring matter is dissolved out by water ; this solution, treated with an acid, deposits alizarine as 
a yellow precipitate. 

The fusion with alkali is the most important step in the maiiufacturo. The addition of water, 
the temperature, ami the duration of molting, are of great moment. Too much water and too little 
heating will lead to the formation of hydro-products, or only oxyantbrarjuinone ; too great a heat 
bums the melt, and yields a dirty-green paste, which dyes greyish sliados. If heated for too long 
or too short a time, a part of the sulpho-salt is reduced to mithraquinono, wliich cannot bo easily 
separated from the alizarine, on account of the difficulty of filtering the alkaline solutions. The 
purity of the tones depends on the quality of the alizarine ; if a fine or blue alizarine is required, it 
is best to work on the “ silver salt,” which is the rnono-sulph-anthraquinonate of soda. To detect 
whether thorough conversion into alizarine has taken place, a sample of the melt is dissolved in 
water, neutralized, and filtered ; the filtrate is shaken up with other, which dissolves the alizarine 
and isopurpurine, whilst the sulph-anthraquinonic acid is retained by the water, and can be detected 
by the blue colour it gives with potash. An aqueous solution of the melt is heated with caustic 
lime, boiled, and filtorod ; if the filtrate is orang®, and deposits yellow flocks on the addition of an 
acid, oxyanthraquinone and anthraflavic acid are present. This will not only guide a manufacturer 
in its production, but* forms a most useful test for its commercial value. 

One part of dibrom-anthraquinone is heated in an open vessel of enamelled iron or glass to 
180°~200° (356®-392® F.) with 2-3 parts caustic potash, and suflficient water to dissolve the alkali; 
the heating is continued until the mass acquires a deep-blue colour; when cool, it is dissolved in 
water and fillered ; from the filtrate, ali^feirine is precipitated by an organic acid ; the yellow flocks 
are collected in a filter, and well washed with water. 

Disulph-anthraquinonic acid is mUed with about twice its weight of caustic yrotash or soda, and 
heated at 180®-210® (356^-410° F.) till its aqueous solution gives a copious yellow precipitate on 
addition of hydrochloric acid. It is now dissolved iu water, acidulated with sulphuric or other 
acid, to precipitate the colouring matter, which is off, and washed with slightly acid water. 
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From tbe yellow aitrate, colouring matter can "be obtained by neutralisdng with aoda, and 
leaving it to settle, when it will form a dark-brown powder; its solution may be precipitated With 
alumina to form pigments or lakes. 

Dinitro-anthraquinone is heated in a concentrated (sp. gr. 1*8 to 1*4) solution caustic soda or 
potash at 170^-220° (388^-428^ F.) until the blueiah- violet colour ceases to become more intense. The 
cooled mass is dissolved in boiling water, and filtered. The hot filtrate is treated with hydrochloric 
acid, which gives rise to a brownish-yellow precipitate ; this, after it has been well washed, is 
ready for direct dyeing and printing. 

The residue on the filter consists principally of “ regenerated ” anthraquinone, which, by 
transformation into iiitro-anthraqninone, becomes a further source of colouring matter, from which 
pure alizarine can be obtained, by extraction with ether or other suitable solvent. 

Alizarine is sold in the form of a yellowish-brown thick solution, or pasty fluid, containing 
10, 15, or 20 per cent, of colour, and is sent out in wooden casks. Quite recently, methods have 
been discovered by which a product containing 80 per cent, of pure, perfectly soluble colouring 
matter c^n be obtained. Dry alizarine could be easily prepared ; but, owing to the difficulty of 
reducing it to a powder or paste again with water, the goods become spotted,, and a larger quantity 
is upnsumed ; it is on this account also, that it contains rarely so much as 20 per cent, dry 
alizarine. It is usf^d for dyeing violets, lilacs, and Turkey reds. The paste dissolves readily in 
caustic soda, yielding a splendid violot-bliie solution. 

Pure alizarine can be obtained from this j)ttsto, by dissolving in weak caustic soda solution; on 
adding chloride barium, and boiling, n dense precipitate is formed, which is filtered off and well 
washed with water; it is then diflused in water, and decomposed with an acid, when the orange 
precipitate, after filtering, washing, and drying, consists of nearly pure alizarine. 

Kopp separates yolb>w alizarine from alizarine vertc by dissolving in hydrocarbon and treating 
with alkali. 

JsopurpurinCj Anthrapurpurinc, or Yellow Alizarine, — This is obtained from the alizarine prepared 
by Gessert Bros., by dissolving in ammonia, and adding hydrate baryta; the precipitate is boiled 
in water, and the red liquid is filtered ; from this the isopurpurine is precipitated by an acid, 
filtered oft’, and waslied, the process being repeated. If sulpljuric acid is used, the isopurpurine 
is taken up with alcohol, from whicli it can bo obtained in crystals. It is an orange-red substance 
with all the properties of alizarine, but it dissolves in soda with more of violet-red coloration ; in 
ammonia, it gives a reddish-brown colour. In dyeing, its shades of red are similar to alizarine, but 
purer ; the purples arc more blue ; and the blacks, more iiitenso. When used to dye Turkey-red, 
it produces a brilliant scarlet of remarkable permanence. Its alkaline solution gives a spectrum 
resembling that of alizarine, 

Perkin obtains it from crude alizarine, by tbe following process; — The latter is first dissolved 
in water containing a little carbonate soda; the solution is shaken with recently precipitated 
alumina, which combines with the alizaiine, settles as a lake, and is filtered off; the filtered liquid 
is boated with hydrochloric acid, and the colouring matter thus precipitated is filtered off, washed, 
and dried. It is further freed from anthrattavicacid, and other impurities, by repeated boiling with 
alcohol, digesting with a boiling solulion of soda, and washing with the same. It is then dissolved 
in boiling water, and precipitaUai with chloride barium ; it is collected on a filter, washed with 
warm water, and decomposed by boiliug with carbonate soda ; from this solution, when filtered, 
hydrochloric acid precipitates the anthrapurpurino. 

Caro (1870, No. 1229) obtains alizarine orange, by acting on commercial alizarine with nitrous 
acid. From this is obtained a material having the properties of purpurine, by dissolving it in 10 
parts by weight sulphuric acid (sp. gr. 1 *848), and heating to 150° (802° P.), until gases cease to bo 
evolved, when the colouring matter is found in solution. On addition of water, it is precipitated. 

Bibliography— . Gesner, ‘Coal. Petroleum, &c/ (New York: 1865); Eeimann, ‘T^hnolo^e 
des Anilins* (Berlin ; 1866) ; M. C. Knab, ‘Etudes sur les Qoudrons’ (Paris : 1867); W. H. Perkin 
‘Aniline or Coal-tar Colours* (Cantor Lectures, Society of Arts: 1869); Girard and I)© Laire* 
‘Derives de la Houille * (Paris : 1872); Bolley a^d Kopp, ‘ Matieres Colorantes ’ (Zurich : 1873); 
W. Crookes, ‘Wagner’s Chemical Technology* (London: 1874); C. Schorlemmor, ‘Carbon Compounds* 
(London : 1874) ; W. Crookes, ‘ Auerbach’s Anthracene* (London: 1877); E. J. Mills, * Beatructiv© 
Distillation * (London: 1877) ; ‘ Chemical News ; * * Journal of Gas-lighting; » Specifications of Patents. 
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COCOA, or CACAO. (Fn., Cacao; Ger., Cacao) • . . .x.ir.x>.Yy. 

This product is the fruit of the “Cocoa-** or “Chocolate-tree** (principally Theobroma Cacao), a 
tropical evergreen shrub, belonging to the order Byttneriacem, It is altogether distinct from the 
“ Coco-’* or “ Ooker-nut ** (Cocos nwa/cra)— see Nuts; and from the “ Coca** (^Erytkroxylcn cooay^ 
see Narcotics. 


The husks of the fruit-pods of the cocoa-tree contain a number of seeds, very closely packed in a 
little pulp. The seeds, or “beans,” afler bcipg dried, roasteil, and ground, constitute “cocoa** ; if 
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merely broken up affcer roasting, cocoa-nibs ** ; %nixed with starch and very finely ground, 
“soluble cocoa** ; the same made up into a paste, and flavoured, “chocolate.** (See Beverages — 
Oocoa.) The pulp is commonly used for food and confectionery, and from it have also been 
prepared jellies, spirits, liqueurs, vinegar, &c. The pods also yield an oil, called “ butter of cacao ” 
—(see Oils), The wood is porous and light, but capable of taking a high polish. The tree is 
indigenous to tropical America, originating probably in Mexico ; its height is 15-40 ft, seldom 
exceeding 17-18 ft. when under cultivation; its range of altitude extends to nearly 2l)l)0ft; 
it grows wild between lat. 17° N. and 17° S., but •the cultivation has been extended 8° farther in 
both directions. ^ , 

Varieties . — The following table will show the principal species of Thedtromn., tbeir habitat, the 
commercial name of thoir produce, and tlio material in wliich tho “beans** are packed for 
transport : — 


Botanical Name. 

Where Grown. 

Comrnercial Name. 

Packing, 

T, angustifdia. 

Mexico. 


Maranhan. 

Bahia. 

Cotton or hempen sacking. 

T. bicolor. 

Brazil. 

\ 

»* » 

T. Cacao {sativa). 

New Granada. 

Australia. 

Bourbon. 

Magdalena. 

Matting. 




Ceylon. 

Cuba. 


Tho name of each 



country. 



Dominica. 





Guadaloupo. 





Guatemala, 


Central American. 



Guinea. 

Hayti. 

India. 


African. 

Barrels and sacking. 


Jamaica. 

Java. 



Sacking. 


Madagascar. 

Martinique. 


The name of each 

Barrels and sacking. 


Mauritius. 


cquntry. 



Philippines. 

St. Croix. 

St. Ijiioia. 





St. Vinoont. 
Trinidad. 

j 




Venezuela. 

{ 

Maracaibo. 

Caracas. 

Sacking. 

>» 

T. glauoa. 





T. Quyanensis. 

Cayenne. 


Berbicc. 

Barrels and sacking. 

Surinam. 


Hurinoni. 

Sacking. 

T. microcarpa. i 

( Ecuador. 


Esmeralda. 

Coarse sacking. 

\ Peru. 


Guayaquil. 

T. ovalifolia. 

Mexico. 


Soconuzco. 

Hides. 

T. speciosa. 

T. sylvestris. 

Br.izil. 

Brazil. 

Jamtiica, 


Para. 

Sacking. 


Besides the above-mentioned species, distinguished by botanists, T, CacaOy which is the most 
widely and largely cultivated, is' divided by cocoa-plantcrs into several* varieties, the differences 
observed being mainly due to the long-continued influences of varied climates, soils, and modes of 
culture. The best of these is the “ Creole * (or CrioUo of the Spanish inhabitants of America). 
The pods are small; but the beans are thick, short, and almost globular, pale crimson in colour, 
and of slightly bitter, but agreeable, flavour, soft and oily. Tho beans require about three days 
for fermentation. This much-prized sort is become very scarce, chiefly through the bad policy of 
replacing decayed trees by inferior speoimens. The next variety is the Forastera, the best kinds of 
which are the Cundeamar, of two descriptions, one with yellow, tho other with red pods; the former 
is the better, containing large seeds, which, in colour, and the ease with which they are fermented, 
resemble the CrioUo. The third variety is the dm<?/onacto; and the fourth and lowest is the 
CalabacUlo^ whose seeds are small and ijery bitter, and of very dark crimson colour ; it has a very 
low market value, but many planters grow it, on account of its heavy yield ; it should be avoided 
on all new estates. All tho varieties except the CrioUo^ which is probably confined to Venezuela, 
are known collectively as Trinitario or “ Trinidad ** ; they are drier and more bitter than the CrioUo. 
The best of the Trinitario sorts are but little inferior to CrioUo in the matter of quality, and are 
su^rior on the score of fruitfulness. Hence Trinidad forms the principal nursery whence plants 
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or seeds are procured for the establisliment of new plantations. The various desoriptiohs of ooeoa 
may be placed in about the following order of merit ; — Soconuioo (Mexico), aud Esmemlda 
(Ecuador), all consumed at home; CJaraCas and Puerto Cabello (Venezuela); Trinitario; 
Magdalena and Cjiithagena (New Granada) ; Para ; Bahia. 

Production and Consumption. — A rough idea of the sources whence the principal supplies of ooooa 
ore drawn may bo gained from the following figures, which do not, however, refer to the same year 
in alf* cases, and are not, therefore, strictly comparative: Ecuador, 28,000,0001b.; Trinidad, 
11,000,000; Brazil, 7,000,000; Venezuela, 7,000,000; Grenada, 2,000,000; Mexico, 2,000,000; 
Martinique;, 700,00j0; 8t. Vincent and Hayii, 550,000; Celebes, 250,000; St. Lucia, 260,000; 
Guadaloupo, 200,000; Dominica, 200,000; Cayenne, 65,000; Jamaica, 50,000. In 1878, the 
imports of cocoa into the United Kingdom amounted to more than 18,000,000 lb., valued at 
687,285/. ; more than half was entered for home consumption ; ovt?r 10,000,000 lb. were contributed 
by the British West Indies. 

Cultivation.— The climatic conditions of some countries necessitate certain modifications in the 
method of cultivation, which will be categorically alluded to presently ; the main points, however, 
in the culture of cocoa remain the same, and may bo described once for all. 

Planting. — The first care is to form a nursery for the young plants. This should be a choice 
patcfii of moist land, well cleared of woods. The cocoa-seeds are carefully extracted from fine fully- 
ripo pods, and are sown 1 ft. apart, in furrows 2 in. deep, and are lightly covered with earth. 
Plantain-loaves are then spread over the ground, and left for about a fortnight, by which time the 
cocoa-plants should make their appearance. The ground is thoroughly weeded till the plants 
attain a height of 12-18 in , wlit;n they are taken up very earcfiilly, and transplanted to the cocoa 
estate. The soil chosen for this purpose must bo rich and flat, and convenient for irrigation. 
Tho trees thrive best on gentle sloj)cs, facing away from prevailing cold winds. When the land 
has been cleared and burned, it is planted at intervals of 25-40 ft. with seeds or suckers of varieties 
of tho coral-bean tree {Erythrim Corallodendron)y called “shade,” or “ niadrc di cacao** \ these grow to 
a great height, and aftbrd the ponnanont shade required by tho cocoa. This done, the young 
cocoa-trees are planted in rt'gnlar lines, at about 12-30 ft. apart, the distance depending upon soil, 
climate, and tho character of tho species under cultivation. As tho coral-boan trees do not imme- 
diately aflbrd tho necessary shade, coffee, plantains, and manioc are planted among the cocoa-trees 
for this purposes until tho coral-bean tre^s are sufficiently advanced, when the plantains and 
manioc are dispensed with, and tho coffee only is left. Jn the second year, the coooa-troes begin 
to put forth flowers, which are removed ; at the third year, they require air, and no other crop 
must remain with them. 

Pruning and Wooding. — One of (ho most important details of tho cultivation is tho proper 
pruning of tho trees, so as to induce a trichotomous giovvth — a straight, single stem, crowned by a 
well-formed head. 'Fho estate needs weeding at least twice a year, the weeds being chopped off 
with a cutlass, as hocsing is not required. 

Diseases and Enemies. — Tho tree is sometimes attacked by a disease called ma7icha^ which first 
destroys tho roots, and quickly causes death; it spreads so rapidly on an estate that thousands of 
trees are thus destroyed in a single night. The plant is also subject to several insect pests: ants 
prey upon tho young loaves, boring grubs injure the bark, and the larvas of moths devour tho 
matured beans. Wind is a great foe: whole plunintions have l)(;eu destroyed by one storm. 

Harvesting. — Tho cocoa liarvest takes place [uincipally in June aud December, the crops being 
known respectively as “ St. John’s,” and “ Christmas.” In tho tropics, however, the fruit 
continues to ripen throughout tho year, on which account the trees are visited every fortnight, to 
gather any matured pods, and to prune where necessary. Tho pods are carefully elected, and are 
detached by a knifo mounted on a pole; the stun must be cut clean through, without injuring the 
brunch whence it sj)rings. Women and children gather them into heaps, and convey thorn away 
for preparation. 

Proiluctiou.— -Unless under exceptional circumstances, there should not be more tlian 900 trees to 
an acre. Tho average annual produce is estimated at 4-6 lb. from each mature plant ; instances 
are recorded of an average of 11 lb. a tree in one season, and 15 to 18 and even 20 lb. from 
individual trees. Tho fruit is allowed to ri|)cu at tho 4th or 5th year ; but the crop is not plent,iful 
until the 7th-10th year, after wliich tlie trees continue prolific for 15-40 years. The cultivation is 
considered profitable for large capitalists, or gardeners, as tho plant requires less outlay and 
trouble, and yhdds a larger return, than perhaps any other tropical crop ; nevertheless, the risks 
from storms and the attacks of insects render it very uncer^taiu. 

PreiHiration . — Tho gathered pods, resembling gherkins in size and shape, and varying in colour 
from purple to lemon, ore submitted to a process of ^ curing,” which requires much experience and 
delicate skill, as upon it depends the preservation of tlie cocoa, and the development of its flavour. 
The osscuthd objects of the curing 01*6 (1) fermentation, to reduce the glutinous, saccharine pulp 
surrounding the seeds, thereby giving tone to their colour, and modifying theijr flavour; and ‘(2) 
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drying the fenuented “ beans,** to ensure their keeping* jThe process admits of several modifica** 
tion0, dependent upon the market for which the product is destined. The seeds are first carefully 
extracted from the pods, and placed to ferment. If for Euroj)e, they are fermented in barrelSi 
troughs, or heaps, covered by plantain leaves or by sacks, within the “ sweat-house,” a closed chamber, 
exposed to the sun, and raised on walls about 6 ft. above the ground. Tlie sweating is best 
performed iu deal boxes, 3 ft. long, 2 ft. wide, and 3 ft. deep, provided with covers, and holding 
about 500 lb. raw beans; the sides are perforated near the bottom, to admit of the co<Joa 
draining. Here the seeds remain for 3-10 days, at a temperature of about 60® (140® F.), losing 
much water, and their bitter and astringent principle, becoming lighter, acquiring a mild, agroe- 
ahlo flavour and a fine cinnamon hue, and admitting of fheir easy separation from the husk by a 
slight pressure. The liquor which drains out in the process is often thrown away, but may Ije 
utilized for the making of vinegar and spirits. They uro then transferred to the “ drying house,'* 
a wooden shed, provided with a movable roof, and thoroughly ventilated. Here they are spread 
evenly on mats, or on a platform, after having been rubbed with a little red earth. Excessive 
heat is avoided, and the beans are constantly stirred about, one ntiendant siilTioing for a house 
50-60 ft. long by 18 ft. wide. The Ix^ana remain here until i>erfectly dr; , and should show no trace 
of mildew. They are then placed in bngs. Efforts should bo made towards effecting the drying 
under a glazed roof, with abundant ventilation, thus saving labour, preventing pilferage, and 
improving the colour of the product. 

Another mode of fermenting the beans is known as “ claying.** They arc placed in holes or 
trenches in the ground, covered with clay or sand, and stirred at intervals, while great care is biken 
to prevent the fermentation proceeding too rapidly. When it has reached its proper point, the beans 
are dried as described. 

The fermentation process is apparently indispensable to the production of fine cocoa ; but it is 
attended with some risk in wet weather, when the beans are liable to blister. According to some 
authorities, the chief object in claying the beans is to preserve them ; but it seems to originate in 
the demands of fashion ratlior than in any real utility. The essential characteristics of good cocoa 
beans are— clear, reddish-brown colour internally ; dry crispnoss, allowing tlie easy separation of 
the “ nibs,” or plates, from the kernel; the nibs of a dull-j>urplish hue externally, with a glaucous 
purplo-hrown fracture, dissolving readily when chewed, and manifesting a slightly waxm, 
astringent, full chocolate flavour. 

Cost of Production . — The amount of labour required for the cultivation and preparation of any 
specific quantity of cocoa may bo estimated from the basis that, on the averag(‘, 15-20 labourers 
suffice for each 30,000-40,000 trees, entailing an annual cxpi nditure of about 200/.-240/. 

Local Variations and Details.— Those chiefly worthy of notice are the following: — 

Africa . — Some very fine cocoa has been sent from Monrovia, in Guinea, and fetched the highest 
price of any iu the market.- 

Bolivia . — The cocoa growing on the banks of the Mamor; is equal, if not superior, to Mara villa 
or Caracas, and may be exported in large quantities when the railway is sufficiently extended. At 
present, every trader to Para takes a full load of cocoa in hide serooiis, and finds a ready sale for 
the article, as it is so much better than that grown in Brazil. 

Bourbon . — In this island, there are about fifty acres under cocoa cultivation. The product is of 
good quality, being of the Carious description ; it used to bo grown in connection with coffee. 

Brazil . — The plant is indigenous to the districts of Valencia, Camanu, and Ilheos, in the province 
of Para, and is very abundant in the neighbourhood of tlio Amazon, Madeira, and Salimocs rivers. 
Throughout large tracts the plant grows wild; but its cuUiire is steadily increasing. Near the 
Layes rapids, on the Madeira river, wild cocoa trees are exceptionally abundant, and produce fruit 
of very superior quality. It would need very littio labour to organize an excellent plantation here. 
The chief supplies come from Para ; the cultivation is being extendcfl jilso southwards to Bahia, and 
oven to Rio Janeiro. Tiie exports fluctuate greatly ; this is to be attributed chiefly to floods prevent- 
ing the harvest. The cultivation in this country is marked by great carelessness; no nurseries are 
formed for the young plants, and the only shade provided appears to bo that of bananas and 
plantains ; the ripe pods are knocked off the trees, and piled in heaps on the ground for fermenting; 
after 3-4 days, the pods are opened, and the extracted beans are spread to dry on the ground, or on 
mats. The dual harvests take place in Docember- January and May-Juue, the latter being the 
more abundant. The climate seems to bo peculiarly suited to the tree, for in spite of severe floods, 
and careless culture, or no culture at all, it flourishes exceedingly, and continues prolific for 50-60 
years. • 

Cayenne . extent of land under cocoa in Cayenne docs not exceed about 650 acres, the 
exports, in 1874, being less than 600 cwt. The product is dried in the sun, or by currents of air, 
and has a softness of character which renders it valuable to mix with the drier, aromatic, Cardoas 
growth, for purposes of chocolate manufacture. 

Ceylon . — The culUuo ih Ceylon hae not hitherto been extende d to such a di gree as could be 
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wished. Samples that have reached English markets have been reported as of very fair quality, 
well-cured, and thin-skinned, and by no means common ; but, at the same time, not of the richest 
character, and not so carefully grown as they might be. Plantations, formed in parts of the island 
too hot for successful coffee-growing, have come on well, and importers are anticipating the 
development of this new source of supply, which will make them less dependent upon the Trans- 
Atlantic crops. The seeds wore chosen from the best varieties grown in Trinidad, and, in 1874, 
more than 40,000 seeds and plants were distributed from the Botanic Gardens at Peradeuiya. There 
will before long be a very large area of land under cocoa, in tho warmer parts of the island. 

Coata Mica . — The exports from San Jose in 1878, wore 5830 lb. 

Ecuador. — Tliis state yields tho greatest quantity of cocoa. The kind chiefly grown is Guayaquil, 
an inferior variety, costing only half as much as Cardcas, and very largely consumed in Germany. 
A second variety, Esmeralda^ is considered superior to Caracas^ but it is confined to home 
consumption. Cocoa is the staple of the country ; but the crop of 1878 was the smallest on record, 
on account of continued rains. Tho exports from Guayaquil for 6 years, stated in quintals of 
220 lb., were, in 1873, 251,812; 1874, 250,216; 1875, 176,207; 1876, 224,739; 1877, 203,131; 
1878, 98,765. The value in 1877 was 4.'5«, a quintal; in 1878, 65s. The 1878 export was thus 
distributed: — Continental Europe, 59,000 quintals; England, 20,714; United States, 7761; 
Central America and West Indies, 7000 ; South America, &c., 4200. 

Guatemala. — Tho WKSoa export of 1878 was only 2300 lb. ; valued at 1 dol. a lb., and all sent to 
Central America. 

i/bnrfM/as.-— The Soconuzco variety, which, during the Spanish occupation of Mexico, was 
reserved for the Court of Madrid, is saitl to grow wild here, with fruit measuring 2-2^ in. thick, and 
6 in. long. When cultivated, tho dimensions increase to 3-3^ in. x 8 in., and the trees bear in 
6-7 years. 

India. — The Indian Government has raised largo numbers of seedlings, in Botanical Gardens, 
for distribution throughout tho peninsula. The plants have been put out in the Neilgherry Hills, 
and in the Tcrai, and have beim found to grow well while looked after. The tree has been very 
success I’ully reared in Coorg ; the plants arc grown from seed in nurseries, and transplanted, when 
18 in. high, into large pits, 12 ft. apart. 

Malay Archipelago. — The cocoa tree was introduced here by the Spaniards, more than three 
centuries ago. In lh54, Celebes produced nearly 200,000 lb., which figure has since increased. 
The yield averages 5-6 lb. a tree. Small quantities of Java cocoa have occasionally appeared at 
London sales, and elicited similur opinions to those expressed on Ceylon produce. In the Philip- 
piqiCS, cocoa is commonly grown for lucul consumption. Tho trees, which here attain but very 
dwarfed stature, are commonly found in tho gardens, planted very closely, in order to keep down 
weeds. Instead of a nursery for rearing tho young plants, tho natives cover tho kernels, when they 
begin to sprout, with a little earth, and place tlicm in spirally rolled loaves, which are hung 
beneath the roofs of dwellings till the plants are ready for putting out. Tho best cocoa is produced 
in the small island of Maripipi, and never comes to market ; tho next best is the Albiy growth* 
which is reckoned equal to Caracas; tho samples produced in Cebu and Negros are fairly good, 
but in trifling quantity ; so that these islands have to import from their neighbours, Tornate and 
Mindanao. It thrives as well in the Spice Islands as in Mexico, and is supplanting the less 
profitable clovo-tree. 

Nicaragu'i. — Several important plantations have recently been commenced here by Frenchmen. 

Meru. — Besides being cultivated iu all tho gardens of tho Montana, cocoa grows spontaneously 
and abundantly in the forests of that province. The exports from Mollendo, the chief port, in 1878, 
were but 1500 lb. 

The cultivation hero has been considerably extended of late years, the estates being 
worked hitherto mostly by Creole labourers ; but these have proved so unreliable, that coolies have 
been substituted. The severe drought of 1877 injured the plantations in an extraordinary degree. 
The production was, in 1875, 1,322,811 kilos.; 1876, 1,322,674 kilos. 

Venezuela. — The cocoas of Venezuela, known as Cardcas^ and Maracaihoy are considered the best 
of all produced in tho western hemisphere, and though the bean was first imported to Spain from 
Mexico, it has subsequently been largely exported to the latter country from Venezuela. In this 
country, the tree is said to thrive best in damp, level soil, and bears about 1 lb. of fruit at the fifth 
or sixth year; near the sea-coast, it is in full bearing at the eighth year, but in the Guique districts 
on the Lake of Valencia, and in tho province of Carabobo, it is not matured till a year later. 
Experienced planters state, however, that it should cover all expenses from its sixth year. The 
quality of tho Venezuelan' cocoa has been greatly spoilt by the introduction of the much more 
prolific but very inferior Tnnitario, or “ Trinidad,” beans. The latter is now the staple product 
from the district of Giliria, Maturin, Carupauo, and down the coast as fur as the Eio Chico; but the 
Criolloy or “ Creole,** plant is still cultivated upon some few estates. The Trimtatio seed is also 
sown, to some extent, in the valleys of the Tuy, alUiougli the majority of the estates there are 



. COCOA. 


e89 


90WB with Oriollo f^nd good csoooa can still b© procTi|ed thence. From the port of La Gaayra 
westward towards Foerto Oabello, and particularly at Glioroni, O’Cumar, Turiamo, Fatanemo and 
BorburatO) lie the districts yielding the best produce, the ohoioost of all being from the estate of 
CJhnao near Ghoroni. From the neighbourhood of San Felipe, the capihil of the state of Yaracuy, 
a very superior mixed cocoa is exported, to the amount of .^aUmt 4000-6000 cwt. annually. The 
Trinidad seed has, since 1854, been introduced into Ohiohirivioho, formerly one of the finest cocoa 
districts. Many plantations were damaged, and some entirely destroyed, by tlie great drought of 
1868-69. 

On some of the Caracas estates, where Trinidad cocoa has been introduced, the produce has 
fallen into great disrepute, and some of the planters impor* the red soil of Ghch^ni with which to 
colour the beans. The finest Venezuelan cocons sent to Europe are the Puerto Oabollo and the 
Cardoas varieties; the latter, which is the dearest and best, is of four kinds, 01 luao, Ghoroni, 
O’Oumar, and Bio Chico. In the matter of cocoa production, one of its richest and most valuable 
crops, Venezuela seems to be now scarcely as advanced as it w'as a century ago ; not only has the 
quality of the product deteriorated, by reason of the substitution of Trinidad for native seed, but 

quantity has also fallen off. 

The best brands now exported are absorbed by Spain and France. They are grown almost 
solely in the coast districts, and hence are called Cacao de la costa ; the beans are full-coloured, and 
larger, richer, and more oily than other sorts. The so-called “mixed cocoa” {Cacao mezelado) is 
the produce of estates where the native and Trinidad seeds have been sown indisorirninately ; it is 
much inferior to the proco<ling, though the foreign trees have greatly improved in the more 
favourable soil ; the produce goes chiefly to Englnnd and Germany. A third quality is the fruit 
of the Trinidad tree alone. The relative prices of the qualities on the spot id approximately 71.-81., 

• 4A-5fe, and 21. Ss.-W. 12s. a cwt. The flavour of cocoa depends principally upon the soil ; the finest 
Venezuelan cocoa all comes from one estate, and though the Sf*©^! has betni tried within n mile of the 
spot, no such quality can bo produced. It is never exported, as it fetche s twice as high a price in 
the country as it does in Europe. 

There is no doubt that the soil and climate of Venezuela are eminently fitted for this branch, 
of agriculture. The land lies low, being subject to inundation, and retaining its moisture in the 
height of dimmer. * The climate is hot, but at tlic suiik' time very humid. Tlie trouble and 
expense of irrigation arc thus avoidctl, without any doirimont to the crop. U’lie ground is prepared 
in the months of January-March, before the commencement of the winter rains in April-May, 
when the bananas and the “shade*' plants, Wally termed bwuirc — (^Erythrim umhrosa^ and E, , 
vclutim), are planted. When laying out good virgiti soil with “creole” plants, it is usual to p^|pe 
one at each angle of a space 12^ ft. square. In poorer land, this distance is reduced — -a proceeding 
based entirely on false economical grounds. An important operation in this climate is tlio provisiou 
of trenches between the rows, in order to carry otF the excess of water during heavy rains, as nothing 
is BO injurious to the healtli of the tree as stagnant water. This druiniiig forms one (if the chief 
items in the cost of the cultivation. Between the appe^aranee and the rij)euing of the fruit, there is 
an interval of nine months. The average yield is 1-1 f lb. from each tree. Tln^ life of tho tree is 
reckoned at 35-40 years on good soil, 20-25 only on pocjrer land. 

The pods vary in size and shape. Tho so-called “ cows’-tongucs,” 9 in. or more long, are 
preferred, because the busk is thinner and the pod contains more beans ; more commonly tho pods 
are shorter and rounder, but larger, and are called anyolH is."’ In dry weaihor, a single night 
will sufiace for the fermentation ; but in wet weather, tho beans may be left for two or three days 
without inconvenience. They are then dried in the open nir, cxpose<l to the sun, in a courtyard 
or on drying frames; 8-10 hours of sun is generally enough ; they arc housed at noon when the 
sun is at the hottest ; and are loft in the store for a day or two to complete the drying. Some 
growers dry the beans on large sheets, which can be readily housed in case of rain. 

The above remarks refer especially to the “creole” plants, whicdi were formerly so much 
grown, and whose produce was so highly esteemed. 'J’his i.s now largely rcplac.ed by tho Trinidad 
variety, whose violet-tinted, sharp and bitter-flavoured beans are made to assume the colour, odour 
and flavour of the “ creole” ox)coa, by prolonging the fern»entation to four days or more, and by the 
application of red earth, biick-dust, and vermiliom 

West Indies.— TliG best months for pruning, in the West Indies, are March -April ; but large 
branches may be trimmed in August-September, should there bo no young fruit to sacrifice. 'I'ho 
tree does not thrive where exposed to easterly and northerly winds. 

Dominica. — The cultivation here, tfciough established some thirty years, is still but little 
developed. The trees have been crowded together at intervals of only 2-4 ft., with the effect of 
choking each other for lack of room ; and pruning seems to have been systematically neglected. 
No attempt has been made to provide sliade, as in Trinidad and Venezuela, but the cocoa has bee.n 
rather planted to afford shade to coffee. Bhade and shelter would doubtless be needed by the more 
delicate Trinidad varieties in -sunny spots. Coro is not takou in the fomentation and claying of 
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beans* The produce is shipped to Barbadoes and Martiniqiie, partly for local consumption, 

partly for re-shipment to England, France, and America, An export duty of mjd, a owt. is 
charged. 

Orenoda.~There ore at least 4000 acres under cocoa in this island. The export duty is Oct. 
a cwt. 

Gnadaloupe. — After much neglect, attention is again being directed to the cultivation here, the 
plantations being formed with trees imported direct from Venezuela. 

Jamaica. — Two centuries since, the produce, in exceptional years, was reckoned at 20 Ibi a tree, 
and averaged 8 lb. a tree, at 18 ft. apart, in fairly good soil. Tiie import duty, then placed on cocoa 
by the British Government, crushed the industiy ; under the present more favourable conditions, 
however, efforts are being made to resuscitate it. 

Martinique. — Owing to tho disastrous failure of the crop many years since, cocoa cultivation was 
long discontinued here ; lately, however, it has been resumed and extended, and the produce is of 
good quality. 

St. Domingo. — The exports were, in 1878, to France, 17,200 1b.; West Indies, 6000; Italy, 
4800; United States, ICOO. 

Bt. Lucia, — This island has about 450 acres under cocoa ; tho exports are almost stationary. 

Bt. Vincent. — The exj)ort duty here is Sd. a cwt. 

Trinidad. — Cocoa is the second great staple of production. Tho high cultivation bestowed upon 
the native seed has greatly improved it, so that in some districts it is almost to be compared with the 
creole ” of Venezuela. A recent writer from the island says the trees yield 15 lb., and in very good 
years, 18 lb., clean, dry cocoa at a crop ; but the average 5 neld of the boat estates is about 2 lb. a 
tree per annum, which, at 12 ft. apart, gives GOO lb. an acre. Tho average of tho whole island is 
ftOO lb. an acre. The best qualities fetch 6/.-7/. a cwt. ; tlie inferior, about half as much. The 
export duty is llj^. a cwt. The shipments for the last four years have been as follows: — 1876, 
8,706,500 lb. ; 1877,8,103,770; 1878,9,302,324; 1870, 11,701,032. 

General Conaideratmifi. — Tho points essential to success in cocoa cultivation are; — 1, Judicious 
■election of seeds; 2, Careful attention to pruning and draining; 3, Plucking the jiods at tho right 
stage ; 4, Nicely regulating t})e fermentation ; 5, Subjecting the beans to complete desiccation ; this 
is, perhaps, tho most important consideration of all : they should rattle dwtinctly on being dis- 
turbed ; G, Hand picking the dried beans, so as to eliminate leaves, sterns, and other rubbish, whicli 
greatly lower tho value of the sample; 7, packing while Moro'/i/A/// dry, in double sacks, or sound 
barrels (not hogsheads). Steamer transport is adopted whert^ver available, the advanced cost being 
nMe than compensated for by tho higher inice realized, by reason of tlie superior condition, 
atteinod under shortened transit. 

The consumption of cocoa is constaiiily increasing, especially in Latin Europe, and Ihoro is no 
reason to fear over-production for many years to come. In the autumn of 1878, tlio prices of 
cocoa advanced 25-75 per cent, according to quality, owing to tho failure of tho Ecuador crop. 
The duties on cocoa importations into tho United King<lom arc as follows Cocoa, Id. a lb. ; 
husks and sliells, 2^. a cwt. ; paste or chocolate, 2d. a lb. The price of cocoa now varies between 
71fi. and 108s. a cwt., according to quality. 

The following shows the relative prices (in shillingfl per cwt.) of tlie principal brands brought 
into the homo market in 1878 and 1870: — Trinidad — sup., 120-5, 91-108; mid. to fine red, 116-9, 
81-90; grey and mixed red, 114-5, 75-80. 110 4, 78-86. Dominica and St. Lucid’— 

110-2,72-8. 6V'iVm—llG-0, 80-00. Cartel'— 116-123, 85-105. 115-^0. 115-20. 

Omyaquil — 112-130, 71-90. The Guayaquil and Caracas varieties find the readiest market on the 
Continent, whore they are used chiefly for chocolate luuniifucturo ; the Colonial descriptions — 
Trinidad, Grenada, Dominica, &c.— take the lead in tho home market; Bahia, Surinam, &c., are 
pretty equally distributed. The consumption in this o-ountry is now caleulatod at about 0*3 lb. per 
head of population. Tho total imports were, in 1874, about 18 million lb.; 1875, 16 million; 1876, 
20J million; 1877, 17 million; 1878, 18 million. The imports in 1878 wore contributed as 
follows: — British West Indies, 10,434,608 lb. ; Brazil, 2,518,703; Ecuador, 1,655.867; San 
Domingo, 792,602; France, 743,659; Holland, 563,558; Germany, 288,705; British Guiana, 
276,533; West Coast Africa (foreign), 185,197; Venezuela, 149,815; Surinam, 106,250; United 
States, 35,903; other countries, 270,190. 

Gniaraiia. — A substance which, though not a cocoa, yet bears in many rospoots a close resem- 
blance to that product, is guarana, a so-called “bread,” yielded by the PauUinia sorhitis, a plant of 
the order SapindaoerR, It is a native of Brazil, and grows tabundantly in the province of Amazonas, 
along the banks of the rivers Tapagos, Rio Negro, &o., as well as in Guiana and Venezuela. The 
genus, indeed, Isa large one, and it is probable that tho seeds of P. Cupana of the Orinoco, as well 
as those of many of other species, may be used for alimentary purposes. Guarana is manufactured 
by the Muras, Moudruoas, and other trilies of Indians, and is much esteemed, both as a food and as 
a medicine, throughout Guatemala, Costa Rica, Brazil, and other p^ of South America. 
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preparation Ib conducted in the following manier The fruit, which is scarcely as large 

a walnut, is gathered when ripe, and roasted intact. Its seeds, numbering about half a ^ozen, 
are then taken out, and, after being pounded between stones or mallets, are formed into a thick 
paste with water, and moulded into cakes and rolls of various forms. These are dried irr the sun, 
or by the fire, by which they become extremely solid and difficult of fracture* and will keep good 
for any length of time. For use, the rolls are grated to powder, which is very like cocoa in 
appearance, or they are ground in water, and sweetened ; the beverage thus produced is analogous 
in its effects to tea and coffee. 

The city of Santarem annually exports about 16,000 lb. of guamna, valuouat 8d. or 9d, a lb. 
at the pOrt, but selling for very much les« in the neighbourhood of its production. It figures 
among the non-dfficinal substances of the United States Uispensatory. In Europe, it is but littlo 
known as yet ; it is included in tho French Fharmactnitical Codex, and its alleged modioiual 
virtues have oocasionally found buyers at as much as 1^. an oz. 

Bibliography » — A. Mangin, ‘ Cacao et Chocolat* (Paris: 18G0); N. Forest, * Du Caooo’ (Paris: 
1864); P. H. F. B. d'Orli, ‘Oacaoyer et Chocolat^ (Paris: 1867); A, Gosseliu, ‘Manuel des 
Ohocolatiers * (Paris : 1869); J. B. A. Chevalier, ‘Ghocolat* (Paris: 18/1); A. Eiant, ‘Chocolat’ 
(Paris: 1875); P. L. Simmonds, ‘ Tropical Agriculture’ (London: 1877) ; T. Christy, ‘New 0»m- 
mercial Plants’ (London; 1878); J. A. Mann, ‘Cocoa* (Jour. Soc. Arts. vol. viii.); J. Holm, 
‘ Cocoa’ (Jour. Soc. Arts. vol. xxii,). 

(See Beverages — Cocoa ; Oils.) 

COFFEE. (Fb., Caf^.; Ger., Kaffec.) 

Coffee is the fruit of a series of plants belonging to the family Evhiacem, Tho genus, known as 
• is divided by botanists into somo sixty species, of which about twenty-two are referred to 

America, fifteen to Africa, and seven to Asia. There is abnudunt reason for Buppf)8ing, however, that 
the majority of these so-called species are mere varieties, due to different conditions of soil, climate, 
and cultivation. For all practical purposes, it will be sufficient i/O distinguisli two flj)ecie8 only, Coffoa 
Arahicay and G, Liherioa (Liberiana). Tho former is the well-known coffee-shrub. It attains a height 
of 15 to 20 ft., and its foliage resembles that of the Portugal laurel ; the small, white blossom is not 
unlike that of the jessamine in form and scout; tlio berries are at first dark-green, changing, as they 
mature, to yellow, rod, and finally, deep crimson. Beneath tlio skin of the ripe berry, or “ cherry,” 
as it is called, is a mucilaginous, saccharine, glutinous “pulp,” closely enveloping tlie “beans,'* 
usually a pair of oval, plano-convex seeds, though sometimes there is but one seed, called, from its 
shape, ‘‘peaberry”; these beans are coated with a cartilaginous mombrano, known as “parcbmo^l** 
and beneath this by a very delicate, semi-transparent, closely adhering jacket, termed the “ silver- 
skin.” The range of tliis species is at elevations of 1000 to 4000 ft., between latitudes 15*^ N. and 
15® S., and its cultivation may be extended to 36® N. and 30® 8., in localities whore tho tempera- 
ture does not fall below Iff' (55® F.), Perhaps tho most favt irable climate would bo a temperature 
ranging from 15® to 27® (60® to 80® F.) in tho shade; and as to humidity, there should bo no month 
in the year entirely devoid of rain, the total of wbieli may bo 100 to 150 in. per annum— absence of 
extremes of temperature, with a constant siipiJy of moisture. Tho shrub is cultivated chiefly in 
Brazil, Java, Ceylon, India, tho Central American Kcpublics, West Indies, Arabia, Natal, and 
recently in Australasia. It furnishes almost tho whole of the cofiee of commerce. Increasing atton^ 
tion is, however, being devoted to ( 7 . Libcnca. Tliis species is a native of Liberia, and is distin- 
guished from tho ordinary shrub by much more vigorous growth, by affecting flat and coast lands 
as well as hill-sides, by attaining greater size and age, and by withstanding greater extremes of 
climate. It possesses additional advantages in that it is capable of improvement by cultivation, 
and, though as liable to disease as C. Arahicrty seems to bo affected in a minor degree. On tho 
other hand, the produce is much coarser flavoured than ordinaiy cofteo, though tliat is no drawback 
to its being used for admixture with better sorts, producing a elieap, yet genuine, bovorag© for tho 
million. From ^periments tried in Ceylon, groat benefits are anticipated from grafting the fine- 
flavoured C. Arahica on stocks of tlie hardy C. Liber ica. 

Cultivation. — The following remarks refer to the commonly cultivated varieties of C. AtaUca, 
"^The main principles are subject to but slight modifications, which will be noticed presently under 
the head of each coffee-growing country. Full details conoorning G, Liberioa will be found under 
Liberia, 

Nwmn'es.— -For this purpose, should bo selected a patch of gently sloping virgin soil, warm and 
dry, but close to water, soft, and not rioter than that to which the plants will b (3 subsequently 
transferred. The seed-beds may be somewhat shaded, but not so as to entirely exclude the sun, 
nor so that the shading tree gathers rain and sends it in streams upon the bed. The seod-bed is 
cleared of all but the largest gtumi)s, thoroughly dug to a depth of 9 to 12 in., and made very 
friable. The beds are slightly raised to promote drainage, and are divided by paths into narrow 
strips, A deep trench is out above the bed, in an oblique direotiou, to prevent damage by rain and 
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wash. Tho seods are flOwn ia rows 6 to 9 in. apart^^jsad about 2 in. deep. *1116 seeds are strc^wn 
about 1 in. apart, ligbtly covered with mould, end shaded ; a cheap and efficient shading may 
secured by laying branches ocinss a light framework as shown in Fig. 495. Watering mnst be done 
in the morning, or towards sunset. A bushel of seed should give 20,000 to 80,000 plants,* the best 
is “ parchment ” coifoc, picked when fully ripe, pulped by hand, unfermonted, unwashed, and dried 
in tiie shade. The nurseries proper are prepared in much the same way, but not shaded. When 
the plants have two to four leaves (exclusive of the seed-leaves), 
they are carefully loosened, and transplanted, in damp, cloudy 
weather, from tho •seed -beds to the nurseries, and placed 9 to 
12 in. apart. Care mnst be taken not to double up the tap-root, 
and not to leave a space for water to a(‘cnrnulate and rot the 
roots. If tho tap-root is very long, it is best shortened by an 
oblique cut, and soon shoots again. When transplanting from 
seed-beds to nurseries is not practised, tho plants ore loft in the 
eeod-bod until larger ; but 8tainbank and others strongly recom- 
mend the former plan, as, by checking tho growth, the young 
wood becomes hardened, and better able, when finally planted 
out, to resist insects and unfavourable weather. A practical euggosti<)n for preventing young 
eeedlings being oaten off at the surface of the ground by grubs, is to lightly wrap round n 
piece of paper about 8 in. broad, where the stem joins the root, on planting. The risk of having 
young seedlings burnt up just after jdanting is guarded against by various simple measures for 
shading them. In about a year, tho plants are ready for transfer to tlie ix)rmanent estate, which 
is meaniimo being prepared for their reception. 

Svhetion of Est lie. — Tho points which determine tho value of a ])lot for coffee culture are: — 
1. Elevation; 2. Aspect; 3. Shelter from wind ; 4. Shelter from wash ; 5. Temperature; 6. Rain- 
fall; 7. 1‘roximity to a river; 8. Character and richness of soil. Most of those are necessarily 
subject to variation according to locality. Shelter from wind is pe rhaps of paramount importance, 
and should not bo sacrificed for richer soil, ns the latter can be artificially obtained much quicker 
than the former. In wooded counti’y, the estate may bo laid out in blocks of 50 acres, encircled 
by natural belts of forest. IHat land mu.st be avoided ; a wet soil is fatal to coffee, and flat lands 
would entail groat expenditure for drainage. Steep slopes, on tho other hand, are objectionable, 
on account of the wadi occasioned by rains carrying away soil and manure, and exposing the roots 
oOhe shrubs. Tho surface soil must bo fairly good ; the subsoil may be poor, but must never be 
BWclay; the shrub is esseiilially a lateral feeder. As a general rule, virgin forest land has been 
found most suitabl(i to break up for coffeo estates; it has become naturally enriched by decayed 
vegetable matters, aud the biiruing to which it is snbjoct(4 frees it from insects and from weeds. 
Exceptional patches of land that lias once Ix^en under cultivation and then allowed to run wild 
have formed good properties ; but tho soil is rarely rich, is generally exposed, and always entails 
great trouble and expense to keep down the weeds. A temperate climate witbiii the tropics is to 
be preferred on all scoros ; a certain degree of warmth and humidity combinod is essential. An 
ntmo8i)hero resembling that of an English hot-house produces the finest crops, perhaps; but it is 
inimical to the planter, aud favourable to weeds. The most suitable climate is precisely that 
which Europeans prefer. Frost, even though it be only at night, and for a short period, is fatal. 
Tho presence of water, preferably a perennial stream, is essential for watering the young plants, 
and for the ** puliung ” process, 

Clt'armg and Jiurning. — Wlicn foro.st laud is bikcn into cultivation, tho first stop is to effectually 
clear it of timber and underwood. Tiie letter is first cut, by moans of tho “ caitio,” shown in 
Fig. 4t)6; the largo trot's are then felled on the top, and their branches are lopped off, so as to 
compact tho j)ile, otherwise tlie burn will be only partial. A fine day, 
after tho night^s dow has evaporated, is chosen for putting fire to the 
prostrate mass. Tlie advantages of a thorough burn are, that sub- 
sequent operations are greatly facilitated, and that weeds and insects 
are destroyed ; the disadvantage is that the upper soil is. burnt, and 
rendered unfit for filling into the holes. This injury might to a great 
extent, ho obviated by “lining” and “pitting” tlie land beforehand. By this means, the sur- 
face soil would bo mostly covered over with the earth taken out of the pits, and thus protected 
from tho fire. On tho other hand, of course, tho lines could not be marked out with accuracy 
or regularity, and tlie estate would subsequently suffev to some extent in appearance, though 
it is a question how far this drawback is worth considering, in comparison with the advan- 
tage gained. When there is not sufficient timber to make a good burn, the bush is felled, and 
burnt in heaps, after which tho ground is carefully gone over for the purpose of rooting up the 
tree-stumps which remain. These are sometimes so difficult to eradicate that t^ey are left to decay, 
care being taken to knock off shoots us fast as they appear. It is, howevor* a bad plan, and one 
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Seldom followed, m the rotting stumps harbour verndn of all kinds. After turning, the wood 
ashes should be scattered evenly over the ground as a manure. 

Lining, — Soon after the bum, the estate is “lined out’* for the reception of thl plants. The 
two following methods are in vogue ; — (1) A base line ip laid down, as nearly as possible straight 
up and down the Slope ; a cross line is set off exactly at right angles ; on this line, stakes are 
driven into the ground at the distances determined upon for tlio position of the plants; to each 
-stake, a rope is fixed, and stretched parallel with the baso line and as straight as possible ; small 
stakes are provided along these linos ; a rope is finally heM across them at succeeding stages of 
equal widtli, guided by measuring polos, and the small stakes are put in whei j the moviiblo rope 
crosses the fixed ones, each stake indicating the site for a plant. (2) A rope is furnished with bits 
of scarlet iflg at the distani^s fixed upon between the plants ; it is stretched across the plot, and 
stakes are inserted at each rag; the rope is tlicn mov(d forward a stage at a time, gauged by 
measuring rods. The first plan is the bettor, esj^ocially in broken ground, but is more laborious ; 
the second is available on even grass land, but the stretch of the rope must 1)6 estimated and allowed 
for. The great object sought is to have the lines perfectly regular ; and instead of making any 
deviation where stumps or other obstaolos occur, the rope is laid over them, and the corresponding 
plant is omitted. Yet another method of holing is that known as “ (j[uincuuxing/’ i. e. placing the 
plants so that alternate lines are opposite; it was recommended by Lal)orie, but is open to several 
objections, and is quite out of favour. 

Distances of the Plants. — Scoroely any two planters are agreed as to the host distance to allow 
between the plants. The question is governed in some measure by the richness of the soil nod by 
the climate. The object in view is that, with the greatest convenient number of trees in a given 
space, none shall incommode its ncigldxxjr. In cold or exposed situations, where llio plants- 
cannot attain any great size, clo.sc })lauting is necessary; tlio reverse being the case whore the 
climate is warm and humid and the soil is productive, and 
consequently likely to produce large bushes. In the Wobt Indies 
and Java, the space is often 10 to 12 ft., but otlier crops are 
there usually planted with the colTeo. In Ceylon and Soutlieni 
India, distances vary from 4 ft. each way to 8 ft., the hi.-st 
being, perhaps, 7 ft. betwoon the rows and 0 ft. between 
the plants. The number of trees contained in an aero planted 
6 ft. X 7 ft. will bo 1037; 0 x G, 1210; G x 5, 1452; 5 x 5, 

1742 ; 5 X 4, 2178; 4 x 4, 2722. Advantages in wide plant- 
ing are that field labour is facilitated, und the shrubs grow * 

larger ; a disadvantage is that more room is left for weeds. 

Holing or Pitting. — Around or beside each stake, a liolo is dug, its size depending much upotf 
the kind of soil. In stiff, poor land, 2 ft. each way is not too large ; in good, light ground, 18 in. 
will suffice. They had better be too deep than not deep on tigh. The implements commonly used 
by coolies for this purpose, are the quintannic^ or grubbing hoe, Fig. 497; the Fig. 498; 

and the alavangoe. or spade-bar. Fig. 499. The earth thrown out is left to mellow until 
just before planting. J’ho hole is then “filled in” with flic Ijcst of the mould, which 
has been carefully freed from stones, roots, &c., and mixed with a little mauiire. The 
filling in must be done very lightly, and the loose earth should rise in a heap above 
the hole. The operation is best performed while the gronml is moist ; it is also a good 
plan to break down the sides of the hole somewhat, especially if tliey are hardened. 

Wlien the holes have been duly prepared, the young plants are removed 
from the nurseries with the same care as they were transplanted to the nurseries from 
the seod-bods. For taking up the plants, an ordinary prong is much superior to the 
spade-bar ; hand-pulling must he rigidly guarded against. The fibi'ous roots of eaclr 
plant, as taken up, are oarofully pruned oft' to about 4 in., so that they may not bo 
doubled up in tlie planting; the tap-root is also shortened to about 9 in. by a clean sloping 
out, for the same reason. A ball of earth should surround the roots ; and if the plants 
are exposed to the air for more than a few minutes, the roots should be ooveretl with wet 
moss, or some other damp material. A dull cloudy d.«y should bo cliosou whenever 
possible ; in bright sunshine, the plants would all be burnt up. The plants are carried 
in batches on trays to the estate. They are placed in the ready prepared holts by hand, 
great care being taken that no roots are doubled up, that the plants are upriglit, and 
that they are no deeper in the ground«than they were bt;foro. In treading the earth 
down round the plant, every precaution is necessary to prevent leaving holes for the accumula- 
tion of water round the roots. The surface should be made firm and as level as possible. On a 
steep slope, the outer edge may be made slightly higher than the inner, to chock the effect of 
wash ; but in subsequent weeding, it will be necessary to guard ogainst oxix)sing the lateral roots. 

There is some diversity of opinion as to the size and age toost suitable for putting out nursery 
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pleats. When dull, rainy weather can be de{kjnded on for some little time, nursery plants of tlm 
second year are the most satisfactory. Plante of one season only are too tender for the operation. 
Under ordinary conditions, and with due care, no serious loss of plants should be incurred in this 
way. A novel plan, which may be advantageously adopted in small plantations, is one resembling 
the method of planting cinchona. A number of calabashes are deprived of their small end ^and 
emptied of their contents ; into these, the seedlings are placed, gradually exposed to the sun as 
they grow, and finally planted in the oalahashoa; the latter soon rot, and form manure for the 
plants. 

A plan that has been much followed is tho substitution of “ stunjps ’* for nursery plants. 
Plants that have been in tho nursery for about three years are dug up and pruned back, leaving 
only about 6 to 8 in. of stem. They are hardier and safer in a gensfteil way than whole plants, 
more especially in uncertain weatlier. They will strike readily, even without rainfall for some 
little time after being put in, provided the ground has l)ecome sufficiently moist to prevent tlieir 
being burnt up ; but they cannot bo used with success in districts where a long period of drought 
may be expected to succeed the wet season. The planting is performod in the usual way. The 
plants send up several shoots from the parent stem ; of these, the finest is retained to form th© 
futufe tree, and tlic rest are pulled off carefully. The shoot that is left grows rapidly ; but, from' 
the way it springs from tho stem, it is liable to be accidoiitully broke n off, cither by a high wind or 
by the wooders. Tho crookedness of the sterna of stumps from native grown seed renders them 
very inferior. The host size for stumps is tho thickness of a common pencil. 

Dibbling . — Where tho land is very rich and friable, holing may be replaced by the less expensive 
plan called “ dibbling.” It is performed in two ways :-'(!) By the aid of the spade-bar, is made a 
fiuffioiontly deep hole, into which tho plant is dropped, and seeiircd by treading the earth lightly 
round ; (2) A patch of ground measuring about 1 ft. each way is thoroughly loosened, without the 
soil being taken out ; in the distuibed earth a hole is made with the hand, tho plant is inserted, 
and trodde.n round as before. The latter method is preferable. Dibbling is only practicable in 
exceptionable eases. It is, moreover, open to objection, as a hole is often left, in which water may 
accumulate and rot tho plant; and tlie roots are more liable to injury than in ordinary planting. 
On the other hsnd, very much In hour is saved. 

Staking — When the ])lants are exposed to wind, they should bo provided with supports as soon 
as they are 10-12 in. high, and present a resisting surface. For first season’s plants, lining pegs 
may be used ; but larger plants will need strong, inflexible stakes, ft. long, entering the 

ground on tho windward side, at about (> in. distant, and at such an angle as to meet tho stem at 
its middle. Tho plant is attatdied to tho stake by a broad loop of some vegetable fibre, 
firmly tied to the slake, but loose around tho stem. If the plants liavc already been worked by 
tbe wind, they will need earthing up 5-G in. as well. The lies may be brushed with coal-tar, as a 
protection against theft, insects, and decay. 

Supplying Vacancies . — Every precaution should be taken to guard against failures, as ** supplies,” 
as they are called, will seldom if ever do as well as young plants put into virgin soil. In now land, 
failures can bo almost entirely guarded against by care. Their number may subsequently be 
limited by keeping tho ground free from weeds, and by good draining, manuring, and pruning. A 
certain number of vacancies, however, will occur from time to time, and they must be filled up in 
the following manner Tlie original pit, having been re-emjjtied, should be enlarged an inch or 
two all round, and especially in depth. This should bo done in tho dry weather, tho pit being loft 
open for some time, and only filled in when tho tune for planting has arrived. In most oases it 
will be desirable to refill tho pit with the soil which lias been taken out of it. Where the vacancy 
is in tho midst of old trees, a large pit is necessary, to protect the new plant from being interfered 
with by their roots, and it is well to isolate tho young plant by surrounding it with a ring trench, 
()-8 in. wide, and 1 ft. deep. It is also desirable to put a basketful or so of new soil from the 
forest into the pit. near tho top; where this cannot be managed, a few handfuls of manure should 
be mixed with the surface mould. Only strong, healthy plants may be used for this purpose. 
Htumps are often considered more suitable than nursery plants, as being hardier; they throw out 
throe or four “ suckers,” the best of which is selected when they have attained a height of 6-9 in 
the others being carefully pulled off. Welbformed nursery plants, with three or four pairs of 
primaries, and about 12-15 in. high, put in just as they come from the bods, with a good ball 
round the roots, are to Ije preferred when steady wet weather can be calculated on for some time. 
In any case, supplies ought to be put in eajly in tho wet season, so as to give them every advantage! 
They should always be marked by a tall stake ; and should Oe allowed to bear a maiden crop before 
being topped. ^ 

Shelter.— Tho worst enemy of the coffee shrub U wind. Its effects become apparent in pinched 
and stunted growth, or in lack of foliage. In situations where tho soil is soft and yielding, it does 
<»iual misohief by working tho stems in the ground, so that in a short time a funnel is formed 
round tho neck of the pWnt, end this being oontinually chafed, the bark is worn off, the roots are 
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loosened, fttid tb;o plant dies “ wind-wrung.” Should ii be rescued before the bark is entirely worn 
off, the plant may live ; but it will be extremely liable to attacks from “ bug,” “ worm,’* or any 
other blight prevalent in the locality . Belts of jungle are sometimes left standing, as a protection j 
but opinions differ as to the advantage of this plan, some planters, holding that more harm is 
likely to result from the wind being concentrated into eddies, instead of taking its natural and 
more equable course. This question can only be decided by the local circumstances of each case. 
Such belts, being sure to form nurseries for weeds and vermin, are not intended to be permanent, and 
should gi-adually give way to fruit or other useful trees. Sometimes artificial shelter is erected, 
but it is too costly to find general favour. Indeed, in moderately Bhcltere4. situations, staking, 
combined with low topping, ought to be sulficiont Ir) secure tlio stability of the plant ; where they 
are'not, the situation has m+le to recommend it Ibr coffee culture. 

This is a consideration of great importance, and tiie opinion now generally adopted is, 

that the wholesale felling of the fijrest in some places has been altogether a mistake, and tliat 
plantations which are now extinct might still be flourishing, bad the forest shade been at least 
partiaiily retained. The history of cotfeo cultivation in the East proves that, in hot climates, and 
where prolonge^l seasons of drouglit may recur, coffee will not flourish permanently, except under 
shade. In a state of nature, the plant almost universally affects shade ; this is the more remarh|ible, 
that the seeds are deposited by wild animals and birds as freely on open grass lands as in forests. 
A suspicion that the borer, leaf-disease, and other immediate causes of decay, are only induced 
by the weakened state of the shrubs, consequent upon their exposure to lengthened periods of 
drought, is supiwrte<l by the fact that where shade trees are found standing upon an abandoned 
estate, they are surrounded by a surviving remnant of cofiee bushes.* 

The question as to where shade is necessary is one of climate ; it is not universally beneficial* 
The advantages to be derived from it, in very hot climates, are f — Diminished exhaustion, and 
consequently increased longevity of the plant ; reduced cost of cultivation ; a conservation of the 
nutritious properties of the soil, and an actual increase of them, as the cover given to the ground 
causes the surface vegetable matter to dtjcay more rapidly ; and, provided the tree bo a sub-soil 
fo( 3 der the shedding of its leaves will yield a positive gain of surface matter, which the roots of 
tlio coffee would otherwise never have reached. In addition to this, there is the direct value of tha 
timber grown. The only drawback to shade would scorn to be a diminished yield of coffee; but 
this is atoned for by the increased lougevity of the plant. The most suitable trees for affording 
shade will be alluded to under the local headings. 

jr^oecds. Efficient roads not only greatly facilitate the working of a plantation, but they should 

be so laid out as to serve the additional purpose of drainage. A cart road should pass throughibhe 
centre of the estate, wherever it is possible to avoid a steeper gradient than 1 in 15, emerging upon 
the main highway. From this, branch roads should be cut at right angles, with as easy gradients 
as possible, and not more than 100-1.50 ft. apart. These branch roads should cross the lay of the 
ground, so as to check, to the fullest extent, the effects of vaste. A boundary path encircling the 
estate is useful for many reasons. The main central road shonld ho set out before pitting and 
nlnuting. Wire tramways commend themselves as eminently suited to minimize labour on coffee 
estates. An excess of road acoommodati(jn, as regards both the mirnbor and the width of the paths, 
is far preferable to insufficient roading, despite the extra first outlay. If the ground be rich, it 
may cost a good deal to keep the roads clean and free from weeds. This, however, may be greatly 
lessened by ploughing them up and planting them with an annual crop, until the land is 
exhausted ; not only will the roads bo rounded by the ploughing, but weeds will not so readily 


Nothing is more important than the thorough draining of a coffee estate, in order to 
carry away the excess of moisture during heavy rains, without allowing the surface soil to be 
waabod awav. Continuous open trenches are cut in parallel linos across the face of the slope, and 
nt 10 16 yards apart ; their gradient should never exceed 1 in 12, and 1 in 20, or even 80, will be 
L^ter • t4ir width may be 15-18 in. ; and their depth, not less than 1 ft. at the lower side. They 
-need constant cleaning out and topair, cspooially after a heavy shower. They must in all oa^ 
cmntv into a natural or artificial channel amply capable of carrying off tho water ; if furnished with 
breaks to catch the suspended soil, so much the better, os the latter can then be collected and 

returned to the estate ns a dressing. . . „ xu 

Catch-Crops —Much has been said both for and against tho growing of other crops among the 
coffee sbmbs In the West Indies, tho culture of plantains, yams, cocoa, &o. was carried to snoh 
an extreme that the coffee became, inffact, of secondary importance, or was even killed out. In 
Ceylon, too, oatch-orops were long in vogue; but they seem now to have gone out of fiwhton, aa 
they eihausted the soil, and produced loo much shade. There is nothing to object to in the 
simaltaneouB onltivation of several crops so long as each haaduo space, and sufllcient maniuej aM 
the nlanto ore not antagonistic to each oUior, as the feilure of one crop may bo compensated for by 
the suoocss of another. Bice and tobacco have been found to yield good returns as catoh.crops 
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but they podsoss a disadvantage in not affording any shade to the young ooffhe plants. Coeoa| 
yams, and plantains are, perhaps, even lees advisable j and similar attempts with ootton have 
proved altogether failures. Maize, on the other hand, is highly spoken of by Stainbank, from 
-experiences in Natal, it should be planted thinly in three rows, 18 in. apart, l^tween the ooffbd 
k)ws, and two plants in the coffee rows between the coffee plants. The seed should be sowil 
immediately after the coffee is planted. It grows very quickly, and should early be thinned out 
to 18 in. apart in the rows; it will soon be high enough to completely shelter and partially shade 
the coffee, which will grow all the faster in consequence. The latter will also be benefited by the 
extra working of the ground. In the autumn, a dressing of manure is applied, and the ground is 
ploughetl* or deeply hoed, preferably the former. The crop may be repeated in the following 
spring, reducing it, however, to two rows and one plant, and repeating the manuring and ploughing 
or hoeing ; this time tlie choice between plough and hoc will be governed by the size of the coffee 
shrubs ; tlie same manure will suit both coffee and maize. 

Weeding . — By “ weeding,” is meant the eradication of every plant which is not being inten- 
tionally cultivated. The operation is performed in different ways, according to the nature of the 
Soil. On light soils, and sloping sitnations, band weeding is much the best. The labourer is 
provided 'with a pointed stick, to help in getting up obstinate roots, and carries at his waist a 
small bag, into which the weeds are at once thrust. They are turned out of the bags into pits dug 
at convenient intervals, or are heaped up in lire roads, and are finally buried or burned, the latter 
being the surer way to destroy them. By wooding early, an<l repeating as often as necessary, the 
ground may ho kept ( lean by hand. When hand weeding will not suffice, recourse must be had to 
“scraping” the ground, whic^h is attended with a seiious drawback, viz. that the first inch or 
more of the best surface mould is removed at the same time, thus robbing the plants of food, and 
exposing the earth to the full effects of wash. On stifl‘clay soils, on level plantations, and in dalnp, 
cool climates, on the other hand, hoeing is not only necessary for the perfect eradication (.»f tho 
weeds, but is of itself exceedingly beneficial to the soil, and, except dining tho dry season, should 
be regularly done win thcr weeds are present or not. When scrainng or hoeing, it is imperative 
that the operation should be conducted from tho outside towards the tree, so that tho roots may bo 
kept well covered, and the wash may easily escape into tho gutters. 

Pruning.— The kind of pruning first required by coffee bushes is that known as “topping.” 
Tho ago and lujight at which this operation is performed, de pend in a groat measure upon local 
oiroumstanees ; the question itf ahso a much debated one. The object of “topping,” or removuig 
tlm top of the bush, is to restrain its upward growth within convenient lin)it8, and, as a natural 
oonlbquencc, to strengthen and conoentruie its lateral growth. According to Sabonadiere, topping 
is commenced, in Ceylon, at the age of 12-18 months, the maximum ordinary hoiglit being 4 ft, 
sometimes reduced to 2 ft. Ife prefers to po.stpone the ope ration till the shrubs have borne tho 
maiden crop, even though extra staking is required to withstand the wind. Ills j)l.in is to remove 
the two primaries at tho required height, by a sloping outwai-d cut eloso to the stem, and then to 
remove tho top by an oblique cut, so tliat tho stumps resemble a cross, and a firm natural knot 
remains to guard against the stem splitting down. Hull (Ceilon) contends that the plants should 
b© topped as soon as they have reached tho required height, wlien tho soft wood is easily severed 
by a pinch between the finger and thumb. In Natal, tbe shrubs are topped either at their full 
height — 4^-5 ft. — or at 3 ft., allowing a Bucker to grow up on tho weather side to complete tho 
height. Tho latter plan is preferred. There is much advantage gained in limiting the height to 
5 ft., not only is the (’rop gathered more easily and without damage to tlio tree, but it is actually 
heavier, and tho shrubs are iikuc readily made to cover the ground. 

The first result of topping is to induce tho growth of a number of shoots, the removal of 
whioli is termed “handling” or “searching.” The first to appear are vertical suckers or 
“gormandizers,” from undir the primary Ixuighs ; these are immediately rubbed off without 
injuring tho Imrk. From tho j)rimarics, spring secondary branches, in pairs, and at very short 
intervals. All such appearing witliin (5 in. of tho main stem are removed at once, so that a passage 
of at least a foot is left in tho centre of the tree, for the admission of air and sun. The object of 
pruning is to divert the energies of tho tree from forming wood, and to concentrate them upon 
forming fruit. Tho fruit of tho coffee tree is borne by young wood ; and, os tho seconduri^ are 
reproduced when removed, they are cut off as soon as they have l)orne, and a constant succession of 
young wood is thus secured. lu order that this may be regular, and to avoid weakening tho shrub, 
tho secondaries that grow outside of the foot space are left on alternate sides of the primary, their 
opposites iKjing removed each year in turn; thus one is gi<dwing while the other is Wring. The 
one point in view must be the equal development of the tree, and the yearly growth of as much as 
it will bear, but no more. Branches must not be allowed to grow into or cross each other ; if two 
or more secondaries spring from one spot, the strongest only must be retained ; where a gap occurs, 
tertiarios may he trained to fill it, in tho same way. When practicable, the bushes should b© 
handled twice before tho crop ; and the pruning should be commenced immediately after the crop, 
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Itnd before the blosaom comes out. Should t^t be impossible, it mu^ bO suspended during 

the 3 or 4 days of blossom time, and then be <^rled to completion. When it is evident that 
the crop on a tree ^ill exhaust it if allowed to mature, a portion of it must be saoridced by 
pruning. The loss thus oocasionod is more apparent than real. Xu very prolific seasons, much fruit 
is wasM for lack of labour, and the trees are uhnecessaril} overtaxed, and bear poorly for some time 
afterwards. Everything should be done to ensure regular and even crops. The cuttings should be 
trenched in as manure. No branch should be allowed to Ijear more than two or three crops before 
removal- Eegular ftnd systematic pruning is one*of the first essentials to successful coffeo culture; 
where plantations have been neglected on this score, they must be very gradui^lly reduced to proper 
condition* by sawing out the cross brariohes, and opening up the centre of the trees, in the first 
year; and tliinning out aWt hf If tho j.'emaining wood, in the second year. 

Manuring , — It is commonly said thal coffee is on unusually exhaustive crop ; but the exhaustion 
of the soil consequent uiw) i coffee culture is a resnU of the peculiar conditions under which it 
prosecuted, rather than of the nature of tho plant itself. Uettcr than any amount of artificial 
manuring, is the ri tention of the nJiturully rich surface soil, by tho effective lueventioii of wash. As 
a secondary adjunct, however, judicious manuring will be highl} beneficial, and even necessary in 
almost oil cases after the first yi ar or two. It is impossible to lay down any hard and fast r\^le for 
manuring; tho most that can bo done is to indicate the essential elements of coffee soils, the 
best artificial substitutes, and the best method of applying these substitutes. The best cofi’oe soils 
appear to contain about 15 per cent, of combined iron, and alumina : the iron, if ns xcd oxide, may 
amount to 20 or even 30 per cent., being a good absorbmt of fertilizing constituents;* but tho 
alumina should not exceed 10 per cent. Lime is an essential, which must bo supplied if wanting ; 
this is tiK) often overlooked, in tho anxiety to furnish stimulants. Tho porc^eiitago of orgauio 
matter may be too high; it should represent about 0-2 to 0*3 per cent, of nitrogen. Tho best 
average manure for supplying nitrogen and potash is well-rotted dung; but its frequent application 
should bo accompanied by a little lime, unless the soil is already v('ry rich in that constituent; 
Without tho presence of lime, tho shrubs will not receive tho full benefit of the nitrogenous 
principles, but its use in a tropical climate must bo governed by caution. TJioroughly fermented 
coffee pulp is a useful manure; but it is only half as valuable as dung, and cotts more to 
apply. It should be kept covered as it is produced, ami is best mixed with fermenting dung, 
failing which, it should be well limed. Alone, it is of small benefit ; but forms a good vehicle for 
concentrated feitilizers. Almost all soils require a constant renewal of phosphoric acid and lime, 
which are not supplied by dung alone. These constituents are best furnished in the form of bones 
(steamed and ground), or concentrated superphosphate (containing 40-15 per cent, soluble 
phosphate of lime). Nitrogenous manures alone are too stimulating, and help to produce premature 
exhaustion, tluirofore bones may with groat advantage be added to dung, (/omposts'of pulp and 
cake are useful nitrogenous manures ; but they must Ik) accompanied by pliosphates aud linie. 
Potash seldom rcfiuires to be directly applied ; but is advantageous after attacks of leaf disease. 
Magnesia seems to bo a ncci'ssary constituent (from 0*6 to 2*0 per cent.) of all good coffee 'toils; 
when wanting, ilolomitc may be applied. The grout object of manuring is to supply all tho 
constituents required, and in an available form. For cofli^e, the nitrogen is better ajjpliud in an 
insoluble form (as in dung, fish-manure, or cake), than in a soluble form (os in guano, sulphate of 
ammonia, or nitrate of soda). Phosphates are best conveyed in bones, when a lasting effect is 
required; but high class superphosphates are preferable for immodiato effect, as in eases of leaf 
disease. In tiopical climates, all manures are best applied frequently and in small (piantitics. 
Kegular manuring after each crop would doubtless Ix) most g«merally economical and advantageous. 
The quantity must depend on local conditions, but should always be extra liberal after a full 
harvest. Artificial manures should be put out only in damp weather; clung may be applied at 
any time. The lime must never be in a caustic state ; its best forms jiro gus lime and gypsum. 

The manner of applying manures is not tho same in all cases. No manure should be put more 
than 1 ft. below the surface of tho ground, nor less than 18 in. from the stem of the coffee bush. 
On flat land, where there is no danger of wash, the manure may be spread over the surface, and 
hoed in to a depth of 9-12 in., or a square hole may be cut between each four shrubs, and tlio 
manure buried in it. On slopes, it is usual to dig a hole above each bush. For bulky raanunjs, it 
may be 2 ft. long, ft. wide, and 1 ft, deep ; for concentrated manures, its dimensions will bo 
reduced. The holes should bo filled up with any prunings or other vegetable matter at hand, and 
covered down firmly with tho loose top soil ; tho new earth from the hole should be spread around 
the stem of the neighbouring tree to protect its roots. 

Ordinary manuring is sometimes supplemented by other methods of improving the soil. One 
of these is to loosen it, by driving a long bar or a manure fork deeply into the ground, and then 
prizing up the earth, without turning it over. A second operation is that known as “ mulching,’’ 
or ground thatching,” which consists in covering tho ground under tho bushes with a layer, (i-U in. 
thick, of hard long gross- The effect of this in cold, #ct soils, is to keep the ground warm, and 
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to throw off exoossive moisturo ; in liot, dry situations, it is equally useful to retain moisture. In 
tiny (jase, weeds are k(?pt down, and wash is quite prevented. When rotten, the grass may bo hoed 
or dug in as manure. This thatching has been found a perfect cure for black bug. A third 
operation is calltnl “ trenebiug/’ or waterhoUng.'* The trenches are made across the slope, and 
may be either open or closed. In the former case, holes, 3-4 ft. long, 12-15 in. broad, and 15-18 in. 
deep, are cut between each four trees ; the soil taken from thorn is spread over the roots of the trees, 
while the holes are left open to act as catch-drains, and as receptacles for wash, weeds, prunings, 
and other vegetable matters, being emptied twsce a year, and their contents spread around the 
roots of the shrubs. Closed trenches are ditches cut across the entire length of the coffee rowsi 
2 ft. wide and deep, ami filled with any vegetable rubbisli at hand ; they are then covered with 
earth, and well trodden down, while the remaining soil is spread under the trees. The benefit of 
trenching is gi eatcsl in stiff soils. The refuse matter in the tronchcB should be limed, to kill grubs 
and other vermin for which it will form a nursery. 

Diseases aiul enemies . — liosides peculiar conditions of climate, aspect, drainage, shade, ^belter, &c., 
already alluded to, particular attention must be paid to the prevention or cure of certain maladies 
to which Uio coffee shrub ia specially liable. The number of these iusectiform and fungoid pests 
is considerable ; but the only ones of sufficient importance to merit description are leaf-blight, fly, 
borer, bug, and canker. 

1. Loaf-blight. — The loaf-blight of Ceylon and Southern India was first noticed in the former 
country about 1839, and in India two years later ; by 1875, it bad do.vastated whole districts, and since 
then it has been found in Humatra and Java. Its existence at a distance from the Indian Ocean has 
not yoLbocn proved, though there is some suspicion that an allied disease is indigenous to Western 
Africa. It is a fungus, known as IlemUcki Vastatrixy and allied to the moulds. It is present in some 
form or other all tho year round, and first attacks tho under side of the leaves, causing spots* or 
blotclies, at first yellow, but subsequently turning black. These blotches are covered with a pale 
orange-coloured dust or powder, which easily rubs oft’ ; they gradually increase in size, until at last 
they have spread over the leaves, which then drop off*, leaving tlic trees unable to produce crop, or 
j to bring to maturity that which may have already been produced. 

In districts affected by the south-west monsoon, during December to February, the fungus 
generally exists us an ext(U’nal parasite, in the form of long filamentous threads, covering every part 
of the bark and loaves, but so iiiiuuto as to bo invisible to tho naked oyo. The disease was made the 
subject of an official Inquiry, by Daniel Morris, of the Poradineya Botanic Gardens, from whose 
report it appears that a successful mode of treatment has been found. Of the many materials 
experimented with, one only is invariably effective, viz. a mixture of best quality flowers of 
sulphur with caustic lime, in the proportions of 1 part (by weight or measure) of tlie former with 
throe parts of the hitter — 1 : 2 gives much hotter results at increased cost — and thoroughly incorpo- 
rating them before use. When small areas only are to bo treated, SUljdiur blowers may be used for 
applying tho powder ; but it can bo as effectively spread by hand, taking care that it is thrown 
upwards into the tree, and that the stem and branches become well coated. Sufficient will 
generally fall to the ground to disinfect tho vegetable mattcjr lying there ; but under large and 
leafy bushes, a few extra handfuls may bo sprinkled. This will especially apply when “ mulching,'* 
or open trenching, is carried on. When once tlio myoclunn^ or vegetative part of tlie fungus, has 
penetrated the tissues of the leaves, no remedy can bo used which will not also destroy the leaf. 
Tho only opportunity for combating tho disouso is while it is in the invisible filamentous state, 
on the exterior of the bark and leaves. At this time (December to February), each tree should bo 
treated with about 5 oz. of tho mixluro, not omitting to disinfect tho ground and whatever 
encumbers it. It has been observed that the treatment produces marked beneficial effects upon 
tho trees in other ways ,* their appearance becomes more vigorous and healthy, tho foliage improves 
in texture and colour, tho wood matures and bears earlier, the blossom sets better, and the crop is 
heavier. The measure is preventive only. The disease being infectious, and tho spores of the 
fungus easily distributed by wind, every precaution should bo taken to eradicate it from aban- 
doned coffee patches, and stray wild trees. Such had better be burnt, and the ground occupied 
by oilier produce. Tho cost per acre of the treatment is estimated as follows : — Flowers of sulphur# 
1 cwt., R, 10 ; coral lime, 3 ojvt., R. 5*25 ; hand spreading, R. 1*25; total, B. 36*50. In hardly 
any case would it exceed R. 3 8-20 an acre, without transport. 

A disease known as “ leaf-rot," rather prevalent in Mysore, is distinguished from the above, and 
is referred to a fungus named PelUcularia Kolcroga^ by Dr. M. 0. Cooke. It appears about July, 
when the leaves of affected shrubs become covered with slingy, gelatinous matter, turn black, and 
drop off ; clusters of berries also rot and fall. There is every probability that the sulphur and lime 
treatment would be effective in this case also. The shed leaves and fruit should bo collected and 
burned. 

Fly. — This disease has boon known for many years in Dominica and Brazil ; it has also B)pread 
to Venezuela, the Antilles, Porto Rico, Martinique, Trinidad, and all down the Atlantic coast of 
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South Ametioa, It ia bamscd by the larvco of a moth, scarcely ^ In, long, named Cernitostoma 
cofe^huM* The colour of the insee!» is dull-white or pale-grey, with a bar of black aerosa the 
posterior end when quiet ; its motions £yre vei-y active, and it readily takes alarm. The female 
is either .provided with au ovipositor of sufficient strength tr pierce the cuticle of the leaf, beneath 
which the egg is deposited, or it deposits the egg in some irregularity on the surface of the leaf, 
leaving the future caterpillar to find its own way into the tissue. In either case, a caterpillar 
develops from the egg, and feeds on the cell tissue of tlie leaf, in all directions, between the two 
cuticles. vThe insect prefers young and delicate deaves, and is most active alxiut the commence- 
ment of the wet season, when, doubtless, the majority of the eggs are deposited. It is dormant 
during the wet season — sav from March to May. Of tb varieties of coffee met with in Dominica, 
the mocha is most subject to tlie attacks of this motb, its leaves lieing tho most delicate. Stronger 
leaved varieties, when fairly healthy, are scarcely attacked ; but when existing under unfavourable 
conditions, such os to induce flacoidity of texture, they are sometimes, muoj^ affected. The disease 
manifests itself by the appearance of large discoloured bbdehes on the leaves, causing their decay 
and fall. It has been stated that, by picking tho leaves at such a time as to take the greatest 
number of the larvfc when about^two weeks ol<l, it would be c^asy to destroy the pest, os the size of 
the blotches would then easily distinguish the diseased foliage. The insect is very susoeptil^le to 
the effects of wood smoke, and may easily bo driven oil’ or destroyed by tho smoke of ordinary wood 
or grass fires. At present it does not exist in tlie West Indies to such an extent as to injuriously 
affect the fruitfulness of the trees, and is markedly less numerous where insectivorous birds 
abound. 

Bordr.— -This post, formerly known as the “worm” and “coffee-fly,” is most troublesome in 
Southern India, especially in Coorg and tho Wynaad, where, in 1865-0, it destroyed whole estates. 
Belbtles with similar boring liabits iufest tho cofiee bushes on the West Coast of Africa, and in Zan- 
ssibar, and are occasionally troublcsomo in Jamai(‘a. Tho Indian borer has })Con identified as the Xy/o- 
trechus qmdrupen. In its complete stage, the insect appears as a winged beetle ; it is ^ to f in. in length ; 
rather finer in shape tlian a wasp ; with a hard, shiny coat ; in colour, rod and black, or, in other 
cases, yellow and black, in alternate transverse lines. It lx)rcs a passage into the stem of the coffee- 
tree, usually at some few iuches above the ground. This passage, at first liorizontal, soon takes an 
upward siural direction, and proceeds until a safe retreat is found, in which the larva may b© 
deposited. Tho tree soon droops, and dies down to tho point at which the entry has been effected, 
and where it can be easily broken ofl* by a sharp pull at tho upper j)art. Tho only course is to 
break off the tree in this manner, an<l tlion to burn tho stem, with the larva secreted in its centre. 
Young shoots will proceed from the stump (if the perforation lias not begun too near tho roots), and 
one of these may be trained to succeed tho original stem. There is a growing impression that the 
borer can be kept out of estates in liot, dry situations only by providing shade, and peirhapa irrigation* 
Its ravages have always boon worst on weedy plantations and new clearings. 

Bug. — The coffee tree is attached by various species of Coccidm in most countries, where they are 
known by different names, Ceylon has been, p(*rhnps, the worst sufferer in this respect; but careful 
cultivation has greatly reduced the evil. There are two distinct 8j>ocif*8 of bug found in Ceylon^ 
and called respectively “ black,” or “scaly,” and “white,’’ or “mealy.” Tho former, Lccaniurn 
ooffeoo, is a minute insect, which attaches itself to tho tenderest shoots of tho plant ; the females 
have the appearance of small scollop shells, of a brown colour, and adhere to the leaf or twig in the 
same manner as the scollop shell to a rock. Each of these contains several hundred eggs undergoing 
incubation ; and in a short time, the whole of the green wood of the tree will become covered with 
the young insects, and coated with a black soot-like powder, whicli renders the tree easily discernible 
at a distance. The bug will soon spread ovor wliole estates, entirely checking the growth of tho 
trees ; the fresh young shoots are always first attacked, and such wood as is allowed to mature 
produces hardly any crop. The berries, moreover, are, in their earliest stage, destroyed by these 
insects, which cut them off at tho stalk. The measures recommended for chocking this scourge are 
to dust the bushes with a mixture of pounded saltpetre and quicklime, in equal parts ; or to brush 
or sponge the affected parts with a mixture of soft-soap, tar, tobacco, and spirits of turpentine, in 
about equal quantities. A coolie, >vith a bucket and a piece of rag, can perform the office effectually. 
This species affects elevated (above 3000 ft.), cold, damp, closo localities, whore it is found in all 
stages of development all the year round, the propagation being continuous. It generally makes 
its first appearance under the shelter of a large rock, near a belt of forest, or at the bottom of a 
nullah. 

White bug is a distinct species o^^ insect, known as Pseudococcus Adonidum. It is small, flat, 
oval, about covered with a white down or fur, and having parallel ridges running across 

its back from side to side, like the wood-louse, though on a much smaller scale. It is found in 
various stages of development all the year round, and takes up its quarters on the roots of the trees 
to about 1 ft. beneath the surface, at the axils of the leaves, and among the stalks of the crop clusters, 
whieh it outs off wholesale, either during the blossom slafe, or just after the young berries have 
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i)een fonned ; in tlie latter ease, its operations may easily be recognized, by tiie large quiditities of 
young green herriee with which the ground beneath the trees will be strewn. It is also easily 
discovered by a white, flour-like excretion which it deposits around the axil nooks where it has made 
its abode. The prescriptions above recommended for black bug will be here found equally 
efficacious. In either case, probably, a decoction of common tobacco might bo sufficient, while much 
more easily prepared. The white bug has a decided preference for hot, dry situations, and 
generally disappears in the wet season ; too often, however, only to return as soon as the blossom 
has set. 

Canker.— A disease which has created great havoc in Natal, and which causes an annual loss of 
about 1 per cent. of*tho trees in Jamaica, is “ canker ” or “ bark disease.*’ The first symptom is the 
withering of a tertiary or secondary branch, when it will be found that the hark under the primary 
branches is decayed and blue mouldy ; the blue mould gradually extends downwards over the whole 
stem ; a tree once attacked never recovers, but dies in a few months. All soils and situations seem 
liable to the disease, the trees bc'ginning to suffer when about six years old. Though the mould is 
the proximate cause of death, tho ultimate cause is evidently due to some unfavourable external 
condition, Tho opinions of experienced persons as to what this n^y be are various ; it is attributed 
to nqgloct of cultivation, to unsuitability of climate, and to want of depth of subsoil. All may be 
partially right ; but the last seems most probable, and is the reason given for it in Jamaica. ^ 

Rot, Grubs, Rats, Bquirrcils, &c. — or the blackening and withering of the young leaves 
and shoots, is due to wet and cold, and may bo cure<l by good thainago and mulching. Grubs 
of a large yellow kind destroy the tap-ioots of tho plants ; cattle manure is a fertile source of them, 
and should be well limed. Rats, squiinels, grasshoppers, ants and spiders collectively do consider- 
able misohiof, and shouhl be exterminated wlienevcr possible. In Java, a fungus attacks the stems, 
giving them a white appearance, and producing death in all the parts above. In Venezuela, occtirs 
a minuto fuiigus named Ik'pazca maculosa^ which causes tlie so-called “ iron-stain,” circular or 
elliptical blotches of an ochre ish-yellow colour. The same appears to bo in Jamaica also. 

Harvesting. — The clusters of buds which duly make tlieir appearance are, at first, little, dark- 
green spikes ; as they grow, they become straw-coloured, then under the influence of a few showers, 
almost while, and finally burst into snowy blossoms. After a day or two, the flowers turn brown 
and fade away, the more gradually, the better. While the bloom is out, rainfall is unwelcome ; but 
after it has “set,” a shower is beneficial. The pistils of the flowers soon assume tho form of berries, 
gradually growing, and changing their colour from dark-green to light-yellow, which finally 
deepens to rod. As soon as a sprinkling of red berries is seen, picking should ))egin ; it will con« 
tinue as long as any berries ripen, say 1 to .3 months. TJic borrics, or rather cherries, must not be 
picked until fully ripo, us indicat(‘d by a deep purplish-crimson colour. As tho crop rarely or never 
ripens all at once, two or three pickings are required, the second being the principal one. while the 
others are rather gleanings. Each mature cherry should be picked sejmralely off its stalk, and 
never strapped ofi*; the cherries as picked are dropped info a small hog— say 18 in. square — sus- 
pended from the nock ; these bogs arc emptied into 1 J or 2 bushel sacks placed at intervals on the 
paths. If allowotl to gt;t over ripo, in wet weather, the choriic^s are liable to burst and drop tho 
beans, or to fall off bodily ; on clean ground, much may bo recovered. In hot weather, (he cherries 
are more likely to dry up and hold on to the tret a. In order to convey the cherries to the curing 
housoB, a great saviivg is effected, in long distances, by running tliom with water down galvanized 
iron spouting, made in 8 ft. lengths, laid with even gradients and curves, and duly secured. TIjO 
cherries are despatched from cisterns, to which the due proportion of water is admitted ; provision 
is made for collecting and utilizing tho latter at tl»e works. 

Preparation. — Tho preparation of the coffee necessitates the erection of extensive buildings and 
maohincry ; for these no specific plan can bo given, because much depends upon the size and situa- 
tion of the estate, and much upon the kind and degree of preparation contemplated. The site 
chosen for tho works should be as near the centre of the plantntion as is computiblo with securing a 
patch of opt'ii airy ground, to which a good stream of water can be brought. The first requisite 
building is tlie “pulping house,” comprising three floors — the cherry loft, tho pulping platform, and 
the cisterns. Whouevor possible, it should be built against a shallow cliff or embankment, so that 
the cherry-coffee mny be delivered into the loft without being borne upstairs. The cherry loft is 
usually immediately over tho pulping platform. 

Palpimj , — Tho operation known bb “pulping** consists in liberating the coffee beans from tho 
pulp in which they are enveloped. With ripo cherries, this la most easily and effectively accom- 
plished immediately after picking, and efforts are usually nyido to complete the pulping of a day’s 
picking during the same evening ; if over ripo and shrivelled, but still oomparativply moist inside, 
the cherries should first bo soaked iu water for a few hours. A number of machines have been 
invented for this puri)osc, the object in all eases being to pulp rapidly, thoroughly, aud witiiout 
injury to tlie bean ; if tlie inner skin of the bean be broken, tho latter is wasted* The most simple 
form of pulping machine is.dhe “ disc pulpor,” in which tho separation of the bean and the pulp 
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is effected by me^s of rotating discs, covered with a thi%bheet of copper, whose surface has been 
« knobbed,” or raised into rows of oval knobs, by tho^oppUoation of a blind punch. Pulpers of this 
class, being portable and cheap, are often used in the opening of distant estates, and commonly in 
India and Java. The “ single ” form is very light ; driven by three coolios, it will pulp 20-25 bush, 
cherry an hour. The double form, shown in Fig. 500, ha,-, two discs, and is furnished with a 
feeding roller inside the hopper. It requires four to six coolies to pulp 40 bush, an hour ; but driven 
by power, it will do 70-80 bush. The discs are placed between “ cushions of smooth iron, set at 
such a distance that the cherries cannot pass withmit being bruised; the cushions rest on a movable 
bed of iron, set so that no bean can pass downwards. "When the disc revolves, the olierries are 
driven forward, and squeezed ; the corrugations then catch the skins, and dra§ them between the 
disc and bed. These small pulpers have an advantage over the larger ones, in thatch can be set 
to suit the size of a portion of the crop— which always varies; and with a number of machines, 
there is less likelihood of complete stoppage in case of an accident. One disc pulper to every 80-40 
acres — say three to 100 acres : two to be set alike, and one for smaller cherries— should be ample. 
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The “ cylinder pulper ” is an older invention than the preceding, atid has been subjected to 
numerous modifications. The principle is illustrated in Fig. 501 ; a is a cylinder of various diameter, 
revolving in the direction of the arrow. The cherries and water are guiilcd bedween the cylinder 
and a piece of iron, called a “ chop,” 6, set at sucli a distanc(' that the smallest cherry is bruised 
while tbo largest bean is not damaged. The teeth of the cylinder catch in the i)ulp and drug it 
within the second chop c, which is made sharp at tlie toj) and is set so that wlalo admitting the pulp 
it rejects the l)oau8, which fall into the trough d; the pulp ?>asses into the trough e. The cylinder 
is furnished with a toothed surface, by moans of a shoot of copper pierced with a Dumber of partial 
perforations, so as to resemble a magnified grater. Sometijues the punching is effected in such a 
manner as to produce tbroe-corneied points, the npex of the triangle being at the top ; in other 
cases a “ half-moon ” punch is used, and this is said to 502. 

reduce the percentage of pricked beans. In any case, it 
is essential tliat tlie teeth shall be equally raised. Caro 
must be taken to retain a bold working edge on the lower 
chop, as when it becomes worn and rounded, small and 
dry beans arc liable to be caught and broken, 

A very handy form of cylinder pulper is seen in 
Fig. 502. The pulping parts consist of an iron cylin- 
der «, 24 in, by 15 in., covered with i)unched copper, ami 
a pair of iron chops set to the breast of the (cylinder. 

Below the cylinder, is a sieve 6, provided with circular 
motion, for separating the clean pulped beans or parch- 
ment from the pulp and imperfectly pulped cherry. Tlie 
parchment is carried by a spout to the cistern; the 
unpulped cherry is returned to the hopper c, and again 
passed through. Worked by six coolies, it will pulp 
30-40 bush, cherry an hour ; by power,, ^50-00 bush. 

Fig. 603 represents a “ gearless pulper. It has two pulping cylinders, two pairs of chops, 
hopper and feed-boxes of galvanized iron, a large sieve with circular motion, and a set of clovator 
buckets. It easily pulps 100 bush, cherry an hour, and om be made to do 150-100 bush. ; for 
e^tive speed, it requires a 16 ft. wuter-wheel, or a 31i.-p. engine. The cherry is dropped into the 
central hopper a, whence it passes laterally into the two sida hoppers b ; from these, it drops on to 
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the aidee of the cylinders, and the pulping is effected at the chops under c. The pulp is floa^ 
away. The boans, together with some pulp aryl unpulped cherry, fall into a sieve d, through which 
the beans pass nearly clean, and are oarrM by spouts e to the cisterns. The pulp and unpulped 
cherry are delivered into a 
well /, whence they are re- 
turned, by the elevator to 
o, to be again passed through 
with fresh cherry. 

The use of chops is now 
often superseded by a breast. 

This arrangement is shown 
in Fig. 504, The breast a is 
pushed by hand against the 
barrel 6, and adjusted by 
the nut c and the screws df, 
whicli bear on the ends c 
of tl^e breast by means of 
wooden wedges / ; it is thus 
kept tightly in its place, as 
close as possible to the barrel 
without being in actual con- 
tact. The part // of the 
hopper h forms a water-box, 
to prevent stones from en- 
tering the machine. The 
cherry descends from the 
loft, through a trap-door, into 
the perpendicular spout 
reaching nearly to the ]>ottom 
of the water-box. A con- 
tinual influx of water carries the cherries gradually over the lip of the box into the hopper; the 
impply thus depends upon the rate at which the water is fed. Wlien purclinsing pulpcrs, caro 
should be taken to obtain clear dirc'ctions for setting tbein up, sucli as arc! issued by the makers, 
Walker Bros., liime Street Square; and »T. Oordon and Co., 8, New Broad Street. 

There are three points which need attention in all i)ulpers — (1) regular feeding; (2) exact 
adjustment of the pul])ing parts; (3) suitable sieves. 3’lio tirst condition is best ensured by the 
arrangement shown in Fig. 504 ; the second will depend in a groat measure, upon keeping the parts 
quite clean, and watching their wear ; the third consists in providing a circular mosli of such a size 
as to slop tho smallest cherry, while admitting the 
largest parchment bean. It is common to have 
sieves with two mesh os, the smaller i^art being at 
tho back, where the coffee comes down with force, 
tho larger at the front, whore it merely passes for- 
ward. This latter part should permit tho largest 
beans to pass. In some seasons, there will be 
but little saoeharino matter between the pulp 
and the parchment, so that they will adhere so 
strongly os to render pulping a difficulty. Instead 
of reducing the grade of the pulpcr, it is much 
better to leave it at the full size for ripe cherry, 
and to pass tho coffee through several tiuics, the 
pulp gradually becoming separated without damage 
to the bean. 

The puli>ers above described comprise those 
most commonly in use ; a few others demand pass- 
ing notice. The ** bevel-gear pulper is made 
with three pulping cylinders, or with two cylinders and a crusher. Tlie office of the latter is to 
squeeze the cherries with sufficient force to effect the sopaittion of tlie beans and the pulp of the 
larger cherries, while rendering the smaller ones more easily acted on by the pulper ; it consists of 
a cylinder covered with overlapping steel plates, and docs not get rid of tho pulp, but sends every- 
thing forward into a sieve, whence all, except the proportion of pulped beans, is passed to the 
pulpers. It works well, but is somewhat complioated. The “ double pulper and crusher ” has two 
pulping oylindera and a fluted erflshing roller, which latter is sometimes r^laced by a third pulp- 
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tog fiylfndei. The ** i^ur-gear ** is cheaiier than the^ gcarless, or the bevel-gear, and will |>ulp 
9ft^l 5M) bush, an hour. Bugler’s ” consisted of two cylinders covered with grooved metal, revolving 
inversely ; it Worked well with uniform coffee. 

^ermenttnff , — The ** parchment ” coffee, aS it comes from the pulpers, is next submitted to a 
fermentation process, to remove the saccharine matter^ witliaut which the beans would not dry. 
This operation is performed in a series of tanks whose capacity will vary with the size of the estate, and 
which may be arranged as shown in Fig. 505. The pulpers are placed on a platform G, above the tanks, 
and in such a position that the pulped coffee 
can be run by water into the tanki which must 
also be so situated that the coffee will always 
advance by the aid of running water, and may 
finally be conveniently conveyed to the drying 
ground, while the water and refuse run off. 

The amount of cistf^rn accommodation necefi- 
sary for an estate may be based on the allow- 
ance of 1 cub. ft. for each bushel of cherry 
picked in one day. The tanks are seldom less 
than throe in number — two receiving cisterns, 
each large enough for the greatest possible 
daily pick, and a third for washing the parch- 
ment, hoarlf' as large, superficially, as the 
other two combined. In the figure, AB are 
the washing tanks, 12 ft 6 in. by 17 ft. 2 in. 
by 2 ft. deep, separated by a causeway 3^ ff. 
wide ; C D E F, the fermenting tanks, each 
8 ft. by 18 ft. 9 in. by 2^ ft. deep. These tanks arc iisiially of brickwork, lined with cement or 
asphalt ; but wood is much better, because less cold. They all liavo a sliglit incline, to assist the 
drainage. The receiving tanks are provided at tho lowest corner with a good-sized outlet fitted 
with a plug, and with a movable sieve of perforated zinc or woven wire, fine enough to keep back 
tlie coffee when draining off the water, but not so fine as to choke with tho sacc^liarinc scum. Tho 
receiving cisterns are used alternately. All tlu^ coffee pulped in one day is allowed to remain 
in the receiving cistern until a slight forincntalion has set in ; this occurs in twelve to eigldeen hours 
in mild weather, but in cold weather it may take thirty to forty hours, or even inoro. There are two 
ways of eonductiug tho fermentation— tlio dry, an<l the wot. The former consists in allowing th® 
pulped berries to lie witliout Wider, tho bottom of tlic tank being poi forated, so as to drain off tho 
liquid ; by the latter, the tank remains full of water. TIjo dry system is tho better, ns long as 
care is taken to turn the mass, so that the fermentation shall Ixi equal througliout ; the proseiic® 
of water eipializes the ferinontation, but retards it, and slightly injures tho quality of the coffee^ 
When tho fermentation is not sullioicntly prolonged, tho bi?ans will assume a yellowish colour- 
culled ‘‘blanketiy ” — and will be difficult to dry, and liable to absorb moisture. When properly fer- 
mented, the separation of the saccharine mailers is easily ofhicted in tho washing tanks, to which 
th© beans and a good supply of water are admitted. Tho washing cistern is provi<led with a 
sluice door J at the lowest corner. This door commonly measures 6 iu. wide hy 3 in. deep. The 
coffee is constantly agitated by a wooden scraper or rake, by which the light coffee and refuse 
matters float, and may be skimmed off. Tho tlirty water flows off through, a tail-cistern, provided 
with a grating to catch tho skins and any stiny parchment. The sound berries are placed in drain- 
ing boxes to remove tho excess of moisture, and are then transferred to the drying ground, with tho 
least possible delay. Should tho climate be uncertain, it will be necessary, to provide for Uio emer- 
gency of a succession of wot days, when drying cannot be proceeded with. Parchment coffee may bo 
kept undried for a fortnight, without injury, by placing it in a cistern exposed to a continuous flow 
of cold water. 

Drying , — The berries to be dried are spread out on a flat surface exposed to the heat of the sun. 
The material forming the drying ground, or “ barbecue,” varies greatly. Very commonly, tho 
ground is levelled, aud then covered with a kind of concrete. Sometimes asphalt is laid down ; 
but, besides being expensive, it is not sure to withstand the heat, an<l such surfaces are liable to 
crack and give way, if not very carefully drained. A very good plan is to lay down coir matting, on 
ground which has simply been made smooth and hard ; the advantages of this plan are its cheap- 
ness, the ease with which extra ground^cah be requisitioned in case of need, and tho use of the 
matting as a temporary covering in the event of a shower. Modifications of ihis metliod are to 
stretch coir or gunny cloth across wooden frames, or across trays with or without wheels. Shed 
accommodation must always be provided ready for the reception of the coffee at any moment. 
The beans must be constantly turned over, either by light rakes or by coolies* feet. Tho drying must 
be rendered equable, and must not proceed so rapidly as to crack tho parchment before tho bean is 
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quite dry ; for this r^^ftson, tho coffee sliould not bo exposed too Jong to a %)Iig 8un fo|Pie first day 
or so. During the drying, it is gatliered in each day while the sun is stilt hot, and will then coh- 
tiime to dry under cover. Every care must be taken to prevent heatitvg, which may happen by 
prolonged drying in mild weather ; rather than permit this, ihe coffee should be returned to a tank, 
and kept washed with running water. If artificwl drying can be effected, so much the better. An 
easy means of applying artificial heat is by passing an iron pipe, open at boi^ ends, through 
a fire outside the store- and below the level of the floor, continuing it into the store just beneath 
the floor. The heated air, passing up wards* .through the coffee, will carry off much of the 
damp. Revolving drying machines are also in the market. One of the best of these is Davey 
and Paxman’tf, originally intended for drying corn. It consists of cylinders, into which steam 
enters, and agitators arranged so that the cofiee is impelled forwards, and caught up and rained 
down as the cylinder revolves. Tiie central cylinder works in a steam jacket, outside wliich is a light 
raising of sheet iron, perforated at one end, so that air may he drawn through by a fan, to assist in 
the drying and to carry off the liberated moisture. This machine obviates the necessity for re- 
spreading the coffee on the barbecues before hulling. Throe days' thorough stmning .usually 
Bufflccs to render the coffee quite dry and brittle, in which condition it is known as “ parchment." 
As a rule, it is sent to port in this state, its further curing being left to the shippers ; for not only 
is coiisiderahle expenditure on buildings and machinery necessary for the purpose, hut the experi- 
ence gained in manipulating various parcels of coffee will enable those who make the subject a 
special study to bring the 8ami)le up to the best standard of nppearanec and keeping properties. 
t>)ffoe is said to retain its colour bettor, if allowed to remain for several weeks in tht parchment ; 
and its quality is said to eoutinuo to improve for months, and even years, the piooess being known 
as “curing." As, however, protracted curing causes groat subsequent difficulty iu removing the 
silver skin, coffee is never kept iu the parchment longer than is compulsory. • 

Stores . — Though there is no necessity for curing the coffee, and it may he hulled at once, if 
desired, the exigencies of climate render a properly constructed aioro one of the greatest desiderata. 
The characteristic of tlio store must be dryness combined with security, hence galvanized iron forms 
the best material. It is generally of two storeys; the lower floor is sometimes boarded or asphalted, 
but the uj)per is always so made as to admit of free circulation of air through the coffee placed on 
it. This object may be attained by laying wire gauze, or coir matting, over reopors about 1 in. apart. 
Abundant ventilation must be provided. It will bo nec(‘8sary to watch for any signs of heating; 
and immediately on their appoaranco, tlie coffee must be turned over thoroughly. 

An improved form of store is tliat built on the Clerichew principle. The floor of the upper storey, 
45onstruoted as in the former case, rests on joists running Icngtliwise of the building. A ceiling is 
provided for the lower storey, by tacking to the joists, cloth which has been well soakod in boiled 
rioo-wnter and whitewash, to render it air-tight; continuous air passages are thus made beneath the 
floor. About 10 ft. of one end of the lower apartment is partitioned off’, and its sides are made as 
nearly as possible air-tight. It has no ceiling other than the floor above, so that the passages all 
open into it. In an opening in the wall of ibis chamber, a pair of largo revolving fans are placed. 
Tlieir rapid revolution draws a continuous current of air from tlio inside, and therefore through the 
coffee itself. In this way, dried parchment can be kept in pcj fect condition, without any turning 
over. Ry using heated air on the same principle, coffee may be Loused while still only partially 
dry, and yet not suffer fermentation. 

or Peeling. — This operation consists in the removal of the “ parchment " and the “ silver- 
skin." The beaus iiinst bo again exposed to tlie sun, for a period which it is difficult to define. 
Borne say that they should be dried lill they resist the pressure of the thumb-nail; but there is 
really no in fallible test, as no two samples are exactly alike. It needs much experlonco to prevent 
loss of weight by over-drying, or of colour by under-drying. They peel best while still warm. A 
variety of buUers have been tried ; but proferenco is commonly given to the old-fashioned edge- 
rannor mill, composed of a circular trough with two large wheels revolving in it, and suspended 
about 2 in. from the bottom. The trough is one-half to two-thirds filled with beans, which remain 
until the grinding action of the revolving wheels has separated their skins, when they are let out 
by a lateral aperture. A trough 1 5 ft. in diameter should turn out J 2 cwt. market coffee an hour ; 

bush, good parchment coffee should give 1 ovvt. clean coffee. The appearance of the coffee imme- 
diately after hulling is very light-coloured ; but it soon assumes a horn-green tint, which it will 
retain unless exposed to damp, when it becomes dingy or mottled grey, and is classed as “country 
damaged.” 

An apparatus for peeling and polishing parchment c.)|fee, combined with one for hulling dry 
cherry ooffbe, is shown in Fig. 506. The two parts may be disengaged and worked separately. An 
improved machine by which coffee of all grades may be hulled, scoured, and cleaned, and different 
kinds and grades of coffee may be mixed, and turned out with uniform appearance, has been 
patented by Patrick McAnliffe, of New York. Its operation is continuous, and it is said to create 
no dust. 
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periled coffee, as it comes from tbe l^ulier (n company with the deteohed skins, 
is suhinitted to the inffnenoe of a fan, whose force must be so adjusted that it will effeotoally leznoye 
Hw skins withbut carrying off any coffee. 

When the coffee has been cleaned from the skins, it is necessary to separate it into 
various sizes for market, chiefly with the object of rendering tne subsequent roasting process more 
equable in its eflfeot. Formerly, the sizing was performed by hand garbling or picking ; but it is 
now the custom to employ a “separator,’* shown in 
Fig. 507. It consists of an inclined, revolving, cylindrical 
sieve o, formed *of perforated sheet iron, or steel wires, and 
divided into sections of different meshes. The coffee is fed 
in at the hopper a, which is furnished with a regulator and 
an internal worm, for the purpose of distributing it equally, 
while a revolving brush 6 prevents the meshes being choked. 

Sand and dust pass through the first section, and fall into 
the space df, small and broken beans are delivered at e, souiid 
coffee escapes into /, the best and largest beans are caught 
at fff and the pea-berry rolls freely out at the end h. Another 
form of separator, known as Penney’s, of Lincoln, is made 
a<yu8table. so that the gauges can be modified to suit the 
variations to which the crop is liable in different seasons. 

It is often filled with a fan. By the use of these separators 
or sizers, the labour of garbling is reduced to merely picking 
out any stray foreign subatanoGS and unsound beans; the 
broken bc^ans, or “ triage,” must also be separated by hand 
from the dust. 

Oth^r Methods of Preparation. — There are times when it 
is impossible to pulp the coffee ; the pulpers may get out of 
repair, or the weather may be so untoward that the cherry docs not ripen sufficiently, or becomes 
too dry for pulping. In these cases, the cherry must first bo fermented ; the best way to do this 
is to place it in one of the tanks, or, if the quantity is too small to nearly fill a tank, in an old 
box or cask, and cover it with sacks or grass, or both. Here it is left until it acquires a good 
warmth. When the cherry, on squeezing, is no longer slippery, it may bo taken out and spread in 
the sun to dry. For two or three nights, it need not be housed, nor will rain hurt it. . When 
dry, it may be stored for curing, 

like parchment coffee, but must not • 

be mixed with it. To ferment the 
cherry by leaving it in a heap on 
the ground is a bad plan, for two 
reasons : first, because wlien fer- 
mented it becomes very wet, and 
collects dirt, which, in the after 
treatment, will affect the colour of 
the coffee ; second, because in a 
heap, the fermentation cannot be 
equal throughout the sample. Pulp- 
ing performed whenever possible, as the increased trouble entailed by the other {Urooess is not 
compensated for by the alleged improvement of the flavour, and no better price is got in the market. 

The native coffee of the East Indies is dried in the cherry ; the dried pulp is then removed by 
pounding in common paddy-pounders, and the refuse is winnowed away in native baskets.* Be- 
sides being tedious, ineffective, and expensive, the process gives a large proportion of damaged 
beans, and does not secure a regularity of colour. 

Packing and Shipment — As soon as the coffee has been sized and garbled, it is ready for the market. 
It is best packed in air-tight casks, made from wood which is not likely to taint the coffee in any 
way. Bags are sometimes used, double, but are inferior to casks. In shipping coffee, great care is 
required to prevent its coming into contact with other merchandise which may communicate to it a 
ffavour or odour. Vessels, carrying coffee should have perforated ventilating tubes from the bottom 
of the hold, passing through the cargo, and allowing the escape of the steam and gases generated 
during transit Without this, the beans w^l be discoloured^ and classed as “ country damaged,** an 
accident which cannot be covered by insurance. In well-ventilated ships, coffee loses about j per 
cent, in weight, but gains in quality ; under bad ventilation, there will be a gain of ^ per cent, in 
weight, but a loss of colour, and consequent depreciation in value. 

Market Variatiee and Values. — ^The following list is intended to show the comparative prices (in 
shillings per cwt.) of the principal brands of coffee brought into the home market in 1878 and 
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1879 mid. to fine, 99—110, 103-'l26j low mid., 84—98, 92—109, find ord* 60^—83* 

714-90 ; good ord., 68-60, 68-71 : ord. and triage, 60-56, 63-7. Ceylon (Kative)-^bold, 66-72, 
75-80; good and fine ord. 63-4, 70-4; small and ord., 60-61, 62-9; (Hii.ntation)— *l!ne, 1024-112i 
109-17; tine mid., 100-2, 106-84; g<>od mid. 964-94, 103-54; mid. 93-6, 300-24; fine ord. to low 
mid., 82-924, 84-994 ; mixed and triage, 62-81, 68-83. Other East fine and snp., IO64-I5, 

110 28; good to fine, IOI4-5, 107-94; mid. to good mid., £>2-101, IOO-64; fine ord. to low mid., 
77-914, 84-99; ord., 70-64, 72-82; Native, 68-72. JlfocAa— fine yellow, 102-10; mid. to good, 
98-100, 96-100; ungarbled, 80-2. 7(rt;a— yellow, 77-94, 90-100; pale and mixed, 63-764, 76-89. 
Manilla — .51-65, 62-76. -50-64, 58-75. African — 50-8,52-7. Rio nndi Santos — washed, 

77-97,^ 88-101; fine prd, and sup., 56-70, G4-80; good ord., 54 5, 61-3; ord., 45-63, 48-60* La 
(ywaym— 62-90, 76-97. Costa Rica — fine,' 91-100, 92-100 ; raid., 84-90, 86-91 ; ord. to fine ord., 
68-834, 60-85. Guatemala— 70-85; mid. to fine, 84-97, 86-98. New Granada — ^70-98, 
80-107. Porto Rico — 75-100, 86-102. Also, occasionally, San Domingo — 60-75. Mexican — 65-84. 
.SouawiV/a— plnntation, 80-105 ; native, 62-78. 

The commercial value of coffee depends upon the form, size, colour, smell, flavour, age, and 
uniformity of the beans; and on the presence or absence of stones, stems, and other foreign matters. 
The source is only partially valuable as an index of quality. Form is not a sure guide as to 
souilhe, as it varies in the same sample ; there are, however, three typical forms : — Mocha, small 
rounded (pea-berry); pointed Bourbon, medium sized, elongated, and pointed; and Martinique, 
large and flattened. Brazil, Martinique and Java coffees ore of fairly regular size; but those of 
Ban Domingo and Mocha are very irregular. As a rule, medium sized beans have the best 
flavour. Colour depends entirely upon local peculiarities of growth and preparation; generally 
speaking, tho cofibes of the Old World are inclined to yellow, those of tlie New, to green. Weight 
decreahes by keeping. Odour is a distinctive test, but requires long experience: — green Mocha 
resembles tea; Martinique and Jamaica, pure and pleasant; Porto Eico, less agreeable; Brazil, 
strong, varying in Eio and Santos; Java and Sumatra, sharp; Manilla, very pronounced. Flavour 
is another good test:— Mocha is best; Martinique, very agreeable ; Guadaloupe and Porto Rico, 
less so; Padang, inferior to Java; Sumatra, slightly bitter. As to impurities: — San Domingo is 
usually very dirty; Ceylon, East India, Rio, Santos, Martinique, and Java, generally well prepared 
and chan, Tho nutritive or stimulating value of the sample depends upon the percentage of 
oafeine, which can only be ahcortained by analysis. 

Imports arid Duties. — The imports of coffee into the United Kingdom were, in 1874 
1,405,900 cwt. ; 1875, 1,590,000; 1876, 1.362,600; 1877, 1,608,000; 1878, 1,270,000. The supply 
of 1878 was contributed as follows: — Ceylon, 506,000 cwt. ; Brazil, 201,000; Madras, 157 000; 
Central Anterica, 156,000; British West Indies, 57,000; United States, 26.000; Sail Domingo, 
26,000; New Granada, 16,000; Bombay andScinde, 14 000; Straits Settlements, 14,000; Belgium, 
14,000 ; Aden, 13,000 ; West Coast of Africa (foreign), 10,000 ; Cape of Good Hope, 9000 ; France, 
9000 ; Germany, 9000 ; Asiatic Turkiiy, 5000 ; British Honduras, 5000 ; Venezuela, 5000 ; Portugal, 
4000; Philippines, 3000; Spnnish West Indies, 3000; Mexico, 1000; Holland, 1000; Bengal and 
Burmab, 700; Other Countries, 4000. The duties are: — on raw coffee, 14.s'. a cwt.; on kiln-dried, 
roasted or ground, 2d. a lb. 

The receipts (stated in cwts.) at the principal European eiitreputs during the first 11 months 
of tlie years 1876-7-8 respectively, were: — Hamburg, 1,508,000, 1,546,000, 1,482,000; Holland, 

902.000, 1,509,000, 1,292,000; Havre, 71(N000, 580,000, 823,000; Antwerp, 537,000, 479,000, 
577,000; Trieste, 251,000, 225,000, 247,000. The imports (in cwts.) at Hamburg in the years 
1874-78 wofe:— from Santos, 408,000, 379,000, 379,000, 440,000, 471,000; Rio, 274,000, 396,000, 

395.000, 429,000,320,000; La Guayra and Curavao, 130,000, 175,000, 213,000, 183,000, 218,000; 
Ban Domingo, 85,000, 120,000, 115,000, 112,000, 82,000; Maracaibo and Costa Rica, 63,000,36,000, 

82.000, 82,000, 95,000; East Indies, 67,00*0, 54,000, 56,000, 80,000, 93,000; Other Countries, 

313.000, 456,000, 323,000, 354,000, 316,000. In Francis, a duty of 156 fr. the 100 kilos, (about 
65«. 5d. a cwt.) is charged on coffee imported directly, and an additional 20 fr. when it comes 
through a European entrepot. The imports (in "quintals of nearly 2 cwt.) at Trieste, in 1877-78, 
wore:— from Brazil, 54,000, 74,000-; Ceylon, 42,000, 41,000; Java, 9000, 12,000; Mocha, 3850, 
4210; Mulubar, 6000, 4000; San Domingo, 3430, 1690; La Guayra, 50, 1410; all others, 5000, 
4000. 

Tho imports into the Atlantic States of America were, in 1877, 152,827 tons; in 1878, 
147,030 tons. Of tho whole imports into the United States, in 1878, New York received 68*74 per 
cent.; this was oontributod (in millions of lb.) as follows :— Brazil, 148; Maracaibo, 25 { Java 
and Sumatra, 16; Hayti, 16; La Guayra and Porto CabellO, 9; Costa Rica and New Granada, 6 ; 
Mexico, Africa, Ac., 3; Europe (excluding Hollaud), 3; Jamaica, 1; Holland, 0*6; Singapore, 
0*3; Bolivar City, 0*2; Curasao, 0*07; Ceylon, 0*05; Porto Rioo, 0*02; Cuba, 0*03; Manilla, 
— ; Mitcassnr, — . The imports (in millions of lb.) at San Francisco, in 1876-7-8 respectively, 
were:— from Central America, 8*5, 15, 14; ULinilla, 12, 1,0-6; Java, 1, 0*4, 0*5; Hawaii, 0*1., 
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^•15, Eio. O’l. 0*25/0*4; OeylonvO 045, — . Taliltl, 0 005, 0*015, Mocha, 0 005, 

0*002,-*; Mexico, 0*002, 0*002, 0*008; Peru, 0*003, Ohili, 0*0006, in America, 
there is no duty on coffee imported in berry. 

Consm/iption and Pivspects. — The following figures, ta!ceh from the latest official returns, show 
the totlil consumption (in millions of lb.) of coffee in the miief countries whore it is used, and the 
estimated consumption per head of the populatioift the figures in brackets indicate the-estimated 
per capita consumption in 1878 :--~United States, 810 ; 6*5 (7*6); German l^mpiro 218^; 5*0 

( )j France, 120 : 3*25 (2*73),* Holland. 70 : l§-0(21?r) ; Belgium, 50 : 10'0(13*48); Austro- 

Hungary, 3^ 1 1*0 (2*13); United Kingdom 84f : 1*0 (1*0); Italy, 28 : l*-0 (1*0); Sweden, 
25 : 6*0 (6*li); Switzerland, 18 : 6*0 (7*0y; Norway, ; 7*0 (9*8); Russia 10^ ; 015 (0*19); 
Denmark, 9 ; 4*5 (13*89); Greece, If : 1*0 (l*42j. From this, it would seem tliafc the Consump* 
tion X)f coffee does not increase at the same rate as th<^ population, at least in the non-producing 
countries. In the East, on the other hand, it is said to bo daily gaining favour with the natives. 
The comparatively trifling consumption in the United kingdom may probably be ascribed to three 
causes : — the competition experienced from cocoa, and good cheap tea ; the comparative case with 
which these are prepared; and ^he extent to which coffee is ailult orated. The spread of the coffee- 
house movement, and education of the people in the preparation of the beverage, should effect a 
revival. Meantime there is abundant scope in foreign markets ; and if the Ceylon planters will 
only make a real and combined effort to stamp out the leaf disease, they may reap a double 
benefit, while, Brazil, their great rival, is struggling against a disturbed labour market. 

Adulterants and Substitutes. — Scarcely any dietetic article is so persistently adulterated. Its 
sophistication by means of chicory (see Ohicory) seems to he a recognized custom. Recently, a 
substitute for chicory has been introduced, under the name of “ moohara,” which is said to consist 
simply of ripe figs, roasted and pulverized. The preparation is stated to have been for some time 
in use on the Continent; but its introduction to English markets was, till now, rendered impossible 
by Customs restrictions. It is sold at about half the price of coffee. Another illustration of the 
modern craze for replacing every genuine article by an infeiior snbetitulo is to be found in the 
announcement of a company to work Henley’s patent for making coffee out of dates ! In New 
Zealand, the berries of Coprosma Baucrvma have been proposed as a coffee substitute. Tlio seeds of 
Cassia occidentalis have been imported into Liverpool from tlie*River Gambia, under the name of 
“ negro coffee.’* 

Coffee-leaves. — A decoction mado from the leavt's of the coffee shrub has long been used in iho 
Eastern Archipelago, and has more recently been introduced to the coolies in Southern India. A 
few years since, it attracted considerable notice, and was recommended as a new article of import, 
to become a cheap substitute for tea. There seems to be no doubt that coffee-leaves contain the 
principle caffeine in sufficient abundance to make a valuable beverage, but the }>resonce of an 
unpleasant senna-like odour would militate gjeatly against its poi>ularity. As regards price, it is 
said that coffee-leaves could be prepared (like tea) and sh. ppod at 2d. a lb., as against teas at 
fid. to lOd. There exists, however, the difficulty that depriving the tree of its foliage damages the 
crop of berries, and injures the tree itself; on berry -producing trees, therefore, only the leaves 
obtained in the ordinary pruning operations would bo available, and these would seem to yield so 
small a supply as not to be worth the cost of collection. Growing the shrubs for leaf alone would 
be a very questionable undertaking; but there appears to be no valid reason why, in the event of 
the berry crop failing, a portion at least of the leaves might not bo gathered and prepared, if any 
means can be found for removing the objectionable odour. It has been urged that tlie prodnpt 
would chiefly be employed to adulterate tea; but, oven if such were the case, it is manifestly better 
than many of the adulterants now in common use, and it is very doubtlul whether the supply or 
the price would meet the requirements of the case. 

Local details op Culture and Pbodu(;tion. — The chief details of the local variations from 
the general modes of cultivation and preparation described above, together with special remarks on 
the peculiarities of soil and climate, and the latest available returns of the) production, of the 
principal coffee-growing countries, are as follow ; — 

Arabia. — ^The culture of coffee in Arabia is almost confined to the district of Yemen, and is seen to 
greatest perfection in the Wady Nojran and the neighbourhood of Mecca. It is generally grown on 
terraces, up to an altitude of 3000 ft. on the slopes of the hills ; but sornej is cultivated on lower ground, 
surrounded by large shade trees. The soil is kept moist by irrigation. The harvest is gathered at three 
periods of the year, the principal being May. Cloths are spread under the trees, wliioli latter are 
shaken, that the ripe fiuit may drop. Th^oherries are then collected, and exposed on mats to dry 
in the sun. A lieavy roller is afterwards passed over them to break the envekqjes, and the parch^ 
ment is winnowed away with a fan. They are further dried before being stored. The pulp is thus 
shrivelled up, and constitutes about 20 per cent, of the muss of prepared coffee. This method is 
peculiar to Arabia, and the produce is known by a distinct name— Kish r,-— a decoction of which is 
the common beverage of tlio Arabs. The coffee is said to be improved by this way of curing ; but 
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the plan is possible only in a very dry climate. Most of the Arabian oolTee is peit-berry. The 
high reputation it long held In European markets is not to be ascribed to snp^or cultivation or 
improved stock, but to the fact that the coffee was first shipped to India, and thence by round-about 
ways to Europe, so that it was generally two to three years old when it reached its destination ; — it 
has already been remarked how much coffee inmrovee by keeping. Nowadays, genuine ** Mocha,*' 
or Yemen, coffee is never seen westward of'^onstantinople ; two-thirds of the total yield is 
consumed in Arabia, Syria, and Egypt, and the remainder in Turkey and Armenia. Even in 
Arabia itself, the bales undergo so much siftitig and picking en route, that the ^quality deteriorates 
perceptibly as one leaves the centre of production. At the port of shipment, it is systematically 
adulterated or replaced by Abyssinian and other growths. The modern “ Mocha ” of the English 
market is principally contributed by the East Indies, and in a minor degree by South American 
States. 

Australia. — The mountain ranges on the northern coast of Australia, from Moreton Bay to 
Torres Straits, and other parts, are recommended for coffee cultivation. In Queensland, the plant 
has long been successfully grown; but it has not yet become an article of export, and the 
plantations have recently suffered much from disease. Though it thrives well in the neighbourhood 
of l^risbane, Cardwell and the riorthem districts, especially the sheltered ridges of the Herbert and 
Endeavour riv( rs, offer the most favourable conditions. C. Libenca is doing well. 

Bolivia. — Coffee of several varieties is grown throughout the whole of the Yungas district, and 
the best produce is reckoned not inferior to “ Mocha.” That cultivated in the plains yields the 
larger berries, but of inferior flavour ; that on the hills gives smaller fruit, hut of improved quality. 
■ Very superior coffee grows at El Chaco ; but it does not appear to he largely cultivated, owing, 
doubtless, to the greater profit yielded by coca. 

Borneo. — Coffee has been tried here in the gardens of the Europeans, and thiives remarkably 
Well, producing a fine and well-flavoured berry. The Malays say that it is grown by the Dyaks of 
the Pontianak River, for the use of that settlement ; but its cultivation on an extensive and 
aystematic scale has not been encouraged, the Government probably not wishing to create a 
competition with Java, which so largely produces this berry. The hills on the mainland, opposite 
Labuh-fen, would be well adapted for the cultivation, since here coffee might be grown without the 
trouble and expense of raising trees amongst the plantations, to protect tlie bushes from the sun, as 
is done in Java. On the lowlands, Tiberian coffee has been introduced, and is doing well. 

Bourbon. — The coffee grown on this island once enjoyed a European reputation, and was the 
mainstay of local prosperity ; but hurricanes, the decay of the trees used for shade, and the 
preference now given to sugar cultivation, have caused a great declino in the production of coffee. 
In 1817, the d.vop exceeded 7,250,000 lb., but in 1875, only 467,500 lb. were shipped. The land under 
cultivation with coffee is but about 5000 acres. Five varieties of the coffee shrub are distinguished 
by the natives, viz, : — 1. Mocha, the first introduced into the island, superior to all others, easy to 
grow, but requiring shade trees for shelter; 2. Leroy, the Sierra Leone species, a hardy kind, 
growing readily without shade, and having a seed of inferior quality, pointed at one end; 3. Myrtle, 
a Mocha variety, especially remarkable for longevity, and abundant crops ; 4. Aden, with small, 
regular berries, and a peculiar aroma, cultivated in very small quantities ; 5. Marron, an indigenous 
variety, common in the forests of the elevated interior, with a curious pointed berry, of so strong and 
bitter flavour that it cannot be used alone. 

Brazil, — Brazil produces about as much coffee as all the remainder of the world. In 1874, it 
was calculated that nearly 1 J million acres were under coffee, and that the trees numbered about 
530 million. The provinces where the cultun; is mainly followed are Rio de Janeiro, Sao Paulo, and 
Bahia ; the ports are Rio, Santos, Pernambuco, and Bahia. More recently, the industry has assumed 
considerable proportions in Minas Geraes and in Ceara, notably in the hills of Mnranguape, Aratana, 
Batunte, Ararifo, Maohadn, and Urabiirotama. Tlie total exports, besides a very large home con- 
sumption, in 1878, were about 500 million lb. 

Coffee flourishes in most parts of Brazil, even where exposed to cold ; but in the latter case, its 
fruitfulness diminishes, and becomes too irregular to repay for cultivation. The ground is prepared 
by clearing and burning, or leaving the felled timber to rot, which it does in a year or two. The 
young plants are usually procured from old plantations, and are put out at two years. Com and 
mandioca are grown between the rows till the fourth year, when the trees are about 6 ft. high, and 
bear the maiden crop. At six years, they bear fully, the crop reaching 1 J lb. a tree, on poor land ; 
8 lb., on medium land; and 4-^ lb., on superior land. An acre oontaitis about 350 trees. The 
duration of an estate, even under the best circumstances, very seldom exceeds thirty years ; and 
where the soil is light, eight to ten years is the common limit. Five to 10 per cent, of the trees are 
annually destroyed by fungqid posts ; and planters have now to contend against a rising labour market, 
and want of hands. Owing to carelessness, little more than half the crop is really harvested. 
Foreign cultivators adopt the usual pulping and other machinery for the preparation of the coffee ; 
blit the Brazilians generally follow another plan : — The cherry coffee is spread on tierreirqn, large. 
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smooth ccmorote pavmontsy or on bamboo frames, to dry iu the sim. ' The berries become black and 
crisp j at this stage, they are rubbed, to remove the pulp, and are then washed. The pea-berries 
are carefully separated, to be empl,oye,d in the adulteration of Mocha coffee. Much of the remainder 
is sent into E^urope under the name of Java, Oeylon, Martinique, and St. Domingo. It is also said 
that in Italy, Santos and Eio growths, especially the fbri»Lr, are largely imported for admixture 
with the more expensive Porto Rico. In Fmnoe, it is becoming a formidable rival to Malabar, 
Java, and St. Domingo. From its strong flavour, due probably to the mode of preparation, Brazilian 
coffee improves more than any other by keeping. • 

Coffee was at one time an important staple of this country, the variety grown being 
Mocha, for the cultivation of which the country is especially adapted ; it is now chiefly grown os a 
shade tree for cocoa, annatto, and other crops, though a few Government plantations are main- 
tained, The average production is scarcely 100,000 ib. a year; the shipments, in 1875, were but 
752 lb. The product is not, however, quite lost ; although temporarily abandoned, the trees 
continue to thrive in a wild state, and may be reclaimed hereafter. They attain a height of about 
15-16 ft., with a trunk 30 in. round at a few feet from the ground ; they are rich in foliage, but 
do not flower; they also appear to be safe from the ravages of insects. 

The Minahassa district produces a very superior coffee; the kernels, instead of, being 
opaque, and having a tinge of bronze, are translucent, and of a greenish-blue colour. The best are 
tliose which have these characte rs, and, at the same time, are very hard ; this coffee commands a 
much higher price than that of Java, and is superior to any raised in the Archipelago, unless it may 
be some that comes from the highlands in the interior of Sumaira. The general character of the 
produce, however, is not good, too little care being bestowed upon its preparation. The crop is 
subject to some variation, but tlie average yield of the Government gardens is never less than 
5,000,000 lb. The whole number of trees belonging to the Government is over 6 million ; but a 
large proportion of these are young, and therefore bear little or no fruit. Several private indi- 
viduals also own large plantations. The trees are found to thrive best above an elevation of 1000 ft 
In some districts, the produce amounts to 2-4 lb. a tr(je, while in others it is only lb. It is 
packed in bags on tlio plantations, and is transported from the small storehouses in the interior to 
the largo ones at Menado, where it is put on board vessels either directly for foreign ports, or to be 
taken to Macassar, and thence be reshipped to Europe. 

Ceylon,— This island is now by far the most important coffee producer of all the British posses- 
sions, occupying the rank once held by the West Indies. In 1877, it was estimated that the 
capital invested in Oeylon coffee culture was nearly 14,000,000^., and a notable increase has taken 
place since. The hill region, covering an area of ul>ont 4000 square miles, is somewhat circular in 
form, and its most elevated jmrts rise to 8280 ft. above the level of the sen. Systematic coffee 
cultivation is almost exclusively confined to tl) 08 e hills, although irregular native garden planta^ 
tions are found everywhere in the south-western portion of tlie island, even close to the sea beach. 
The favourite and most fruitful elevation is between 3000 an 1 4500 ft. ; but, in a few exceptional cases, 
estates descend almost to the foot of the hills, whilst others are situated at 5500 ft., and even 
higher. Native gardens, sometimes bearing good cro[»s, may be met with along the coast actually at 
sea-level. In these cases, however, the plants will invariably be found growing under tho shade 
of suitable trees, without which protection all chance of their thriving permanently would bo out of 
the que*stion. These native gardens are, moreover, limited in extent, and are generally richly 
manured, and often woU-watcred during the dry season. These conclusions are borne out in those 
districts where coffee cultivation has been attempted below 1000 ft. elevation, abandoned propei tiea 
on ©very side bearing evidence that humidity and rainfall have been insuflacient to neutralize the high 
temperature. In the neighbourhood of Kandy, there are properties which, even at 1800 ft., seem to owe 
their present existence chiefly to shade and irrigation, in fact, the climate which is most favourable 
for coffee,, is that in which an Englishman will find little to complain of, except occasional malaria. 

There are now some forty districts in which tho cultivation is carried on, containing in all about 
1400 properties, of which over 1200 are in course of cultivation ; these have a total area of about 
800,000 acres. The average crop per acre of laud in bearing has ranged, during the twenty years 
from 1866 to 1875, from 5 07 cwt. an acre (in T868), to 2*75 cwt. (in 1874)— the general average 
for the twenty years being rather under 4 * 25 cwt. an acre. In 1856, the production, taking the 
average of two years (a good and a bad season), was 5 cwt. an acre ; in 1877, this had dwindled 
down to 3*43 cwt. At the average yield of twenty years ago, the island should, in 1877, have 
exported 1,120,000 cwt. of plantation coffee, whereas it fell short by 30 per cent. This reduced 
production per aci’e is greatly due to disease, but also to iuefficieut transport accommodation. With 
these remedied, the standard of 4 cwt, an acre all round could doubtless be maintained. The 
native cultivation of coffee has usually been calculated to extend over 60,000 a^res ; but it varies very 
much, according to the character of the season, the pric a of produce, and the cheapness of money. 

The most suitable soil is that which grows soft timber, and is dark chocolate-coloured, mixed 
with small stoneSt dotted with granite boulders. As the strongest and most continuous wind 
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feomes from tlie sonth-weet, it will be evident that this aspect is the worst that nan be dbosen | 
neither would it l^e wise to select one directly opposite, this being exposed for some months of the 
year to the north-east monsoon. A bleak and exposed aspect is one of those evils that can neither 
be mitigated nor remedied. The monsoons, blowing incessantly for three or four months together, 
are assailants which coffee hushes cannot withstand. Northerly or easterly facings are perhaps 
the best, not being directly exposed to violent wind for any lengthened period ; the latter nlso 
gets the benefit of the morning sun. The season for beginning agricultural operations is October, 
or the early part of November, while the buildings should be finished by the middle of January. 
Felling is usually commenced in October-November, and the felled timber is left for fully six 
or eight weeks to dry. The best time for firing is Ist-lSth of February, when the prevalent 
dry weather and not too violent north-east wind are favourable. Pitting should begin as soon 
as possible after the land has been cleared, say in January or February, and may be continued 
up to the end of June, or until the rainy season sets in. This wet season, extending more or 
less through June, July, and August, is the only safe time for putting out the plants. Abundant 
supplies of plants of all sizes are generally to be found growing wild in the forest, in the vicinity of 
old estates. These, Ijaving grown up in the shade, are generally lanky and straggling, and conse- 
quently require, before being planted out in the estate, to be stumped ” ; they are then very 
independent, and usually come on well. Where wild plants are not to be had, others can frequently 
be got from native gardens at a trifling rate per thouaand. When plants in sufl9cient number are 
obtainable in either of these ways, a nursery is but little required ; but in case the planter should 
not find his wants thus supplied, it will be advisable to begin making a nursery. The nursery is 
usually made in May- Juno, and should yield plants fit for putting out at the same time in the 
following year. The best time to obtain seed is the end of October, when a few bushels of fresh berries 
of the new crop can be obtained from neighbouring estates. Over the planted seeds, a layer of 
rotten leaves may be spread two inches thick, the bed being then well watered at least once every 
three days, if the weather be dry, until germination takes place. In about six weeks, the seeds 
will begin to force their way above ground, and to send a root downwards, when the layer of decayed 
leaves may be gently and carefully removed. If it is intended to put out plants that have grown 
for three years in the nursery, Hull recommends their being cut down to stumps in the beds 
in the December or January before the planting season; they will then throw out suckers, which, 
by July, will be 9-10 in. high. When these plants are put out, a couple of the most promising 
suckers may be selected, the rest being pulled off. These two (being those nearest the roots) may 
then grow together for a month, after which the w'eaker of tlie two is taken off, the other being 
left to develop into the tree. By this plan ho was able, in one ease, to pick a maiden crop of 2-3 
cwt. an acre off plants that had b(>oii hardly eighteen months in the ground. Once the rains commence, 
the sooner the plants are in their places the better. Early planting is most desirable, as upon it a 
maiden crop may often depend. When the climate is hot, it will bo necessary to erect a “ pandall,*’ or 
awning, to protect the young plants from the sun during the dry months. The shade must, how- 
ever, bo removed on the approach of the rainy season, otherwise the drip will prove injurious to the 
plants, which, moreover, will be strengihoued by such sun and air as they are likely to get at this 
time of year. Staking should be performed by the middle of May, before the commencement of 
tbo south-west monsoon. The blossom generally bursts forth in March, under the influei^e of the 
sbowers which usually fall in tliat month. About October, every preparation ought to be complete 
fur gathering in the crop. The berries bogiu to ripen in October or early November, and con- 
tinue to come on until the middle or end of January. In some low-lying districts, however, the 
crop ripens more nipidiy, and all must he got in within about a montli or six weeks. The labourers 
employed on the plantations are largely drawn from Southern India, chiefly from the districts of 
Madura, Tinnevelly, Tanjore, and Trichinopoly, though Mysore furnishes a considerable contingent. 
These Coolies aro brought over by Kanganies^ or native “ gangers,” who receive advances from the 
estate managers, to enable them to furnish funds for preliminary expenses, to each Oooly who 
enrols himself. The usual time fur their arrival in Ceylon is between May and October; and 
for their return homo, after the liarvest. Local labour is also available for oarpent^’s and similar 
work. 

The advantage of providing coffee with shade trees, at any elevation less than 2000 ft,, is 
gradually being appreciated, and, in 1877, it was estimated that about 8000 acres of plantation 
coffee were growing under shade. It is evident, however, from experience gained at Hantane, 
Nilambio and Matale, that success depends much upon the kind of tree, and that the natural forest 
will seldom do, the coffee not prospering, and the falling tk^ees doing much damage in some cases. 
In Dumbara. cocoa has been planted among the coffee, profiting by the shade of latter for some 
years, and then expanding sufficiently to return the favour. It is said that under this shade some 
of the worst weeds do not flourish ; but, remembering how very necessary is shade to oo^ Itself at 
all stages of its growth, it is difficult to see what ultimate good can arise. Cocoa.' and ooffee do not 
prosper on the same ground elsewhere, e.g. Central America, West Indietf Natal In Lower 



utider ooooxitit fiftlms it 4oftig^ weU up to the age oiapK yee^ uud the (iuuo* 
uuts are floudisliiiig* Moro iv^orthy of enooumgenient ifi the growth of shade-giring timber 
eap6(^lly sobaoil feeders* Perhfipd the best adapted for this purpose in Ceylon is the ngtire jack 
(Ariocarpus inkgrifolia)^ which attains a large sjse, and resembles, and belongs to the same family, 
as, the brOad-hruit tree. Its presence seems to be ectnalljHbeneficial to the oofffee-plant, it is a sub- 
soil feeder, it produces e fruit much valued as food by the natives, its timber is valuable for cabinet- 
making and building purposes, and it flourishes best precisely in those situations where its shade 
is most reijuired. As it will not bear transplantiifg, a few seeds must be placed, a couple of inches 
below the surface, in each spot where a tree is required to grow, the strongest sapling being retained. 
The Lpquat tree is planted along the road sides on map/ estates, and coffee appears to thrive wesll 
under it j it yields a useful fmit, but its timber is not apparently of much value. The castor-oil plant, 
which grows G~10 ft. high in a year, bearing a crop in the flrst year, might perhaps be found 
useful in some oaset^ as it requires little care in cultivation ; but it cannot be strongly recommended for 
growth with coffee, being apparently a surface-feeder. Plantains or bananas, as planted for shade in St, 
Domingo, will not injure the coffee ; perhaps, for the first few years, till the jacks have had time to 
grow, they might be useful. Tret'S for shade should not be so near each.other as to prevent a free 
circulation of air, nor entirely to exclude the sun’s rays. They may, however, in hot situatiops, be 
grown tolerably close at first, it being easy to thin them out afterwards. In order to make the trees 
throw out wide leafy heads, they should be trained to single stems till 10-12 ft. high, all lateral 
branches being kept off. This will also tend to produce large straight timber. 

Estimates. — In the following estimates for tho purchase of 800 A. forest land, and 200 A. 
grass land, bringing 200 of the former into cultivation and full bearing, the price of the former is 
cfi^oulated at 10^. an acre, the latter at 4?., and labour at 9d. a day, including Kanganies’ wages * 
. First year : 1st October to 30th September following : — Land, 3800/. ; felling, burning, and 
clearing 60 A. at 45s., 11 2Z. 10s.; tools, 35/. ; coolie lines, SO/. ; conductor’s house, &c., 50/. ; tem- 
porary bungalow, 50/. ; nursery for second year’s extension (100,000 plants), 37/. 10s . ; roads, 34/. 10«. ; 
lining out 50 A. at 5s., 12/. IO 5 . ,* holing 50 A. at 5 ft. x 0 ft. = 1452 holes per A. at 25 for 9d., 
108/. 15s.; filling in, at 120 holes for 9c/., 22/. J3s. 9^/. ; 75,000 plants at 10s. per 1000, 37/. 10s. ; ^ 
planting 72,600, at 200 for 9d,, 13/. 12s. 3c/. ; cleaning up and weeding 50 A. at 10s,, 25/.; super- 
intendent, 120/, ; allowances, 12/. ; conductor, 45/. 12s. ; contingencies, 50/. ; = total, 4647/. 8s, 

Second year (cultivation, 50 A., and extension, 60 A.):— weeding, 50/.; supplying vacancies 
10/. 8s. 6d. ; repairing buildings, 20/. ; roads and trenching, 15/. ; replanting nursery, 20/. ; additional 
lines, 50/.; tools, 25/.; foiling, clearing, lining, holing, filling in, and planting, as before, 270Z. Is.; 
roads, I mile, 12/. ; cleaning and weeding, as before, 25/. ; superintendent, 182/. ; horse, 40/. ; con- 
ductor, 61/. 12s. ; contingencies, 50/. ; = total, 821/. Is. 6f/. 

Third year (cultivation, 100 A., and extension, 50 A.) : — weeding, 100/. ; supplying vacancies, 
16/. 13s. ; repairing buildings, 30/. ; roads and trenching, 22/. 10s. ; replanting and manuring 
nurseries, 25/. ; topping and bundling 50 A., at 7s. Gd., 18/ 15s. ; additional lines, 50/. ; tools, 25/. ; 
felling, &o., 50 A,, as before, 270/. Is. ; roads, 1 mile, 12/. ; cleaning and weeding, 25/. ; pulping 
kouae, machinery, and store, 400/. ; picking 850 boxes (125 cwt.) cherry, at Id. a box, 24/. 15s. ; 
curing, at Is. a cwt., 61. 5s. ; carriage, at Is. a bush, parchment, 31/. 5s. ; superintendent, 262Z, ; 
conductor, 57/. 12s ; contingencies, 50/. ; = total, 1425/. ICs. 

Fourth year (cultivation, 150 A,, and extension, 50 A.): — weeding, 150/. ; filling up vacancies, 

19/. 10s. 8d. ; repairing buildings, 40/.; roads and trenching, 33/. 15s.; partially replanting 
nursery, 12/. 10s. ; topping and handling 50 A., 18/. 15s. ; pruning 50 A., at 15s., 37/. IOJj. ; com- 
pleting store. &c., 400/. ; picking 2850 boxes (425 cwt.) cherry, 83/. 2s. Gd . ; curing, 21/. 5s. ; 
carriage, 106/. 5s. ; additional coolie lines, 50/. ; tools, 25/. ; felling, &c., as before, 270/. Is. ; roads, 
12/.: cleaning and weeding, 25/.; permanent cattle sheds, 100/.; cattle, 75 head, at 3/., 225/.; 
keepers, &o. (6 men), 53/. 12s.; superintendent, 312/.; conductor, 63/. 12s.; contingencies, 50/. ; 

= total, 2108/. 17s. 9d. 

Fifth year (cultivation, 200 A.) weeding, 200/. ; filling up vacancies, 23/. 9s. Gd. ; repairing 
buildings, 50/.; trenching and roads, 42/. 10s.; nurseries, 12/. 10s. ; topping and handling 50 A., 

18/. 15s. ; pruning and handling 100 A., 75/. ; manuring 40 A., at 5/., 200/. ; picking 4850 boxes 
(725 cwt.) cherry, 141/. 9s. ; curing, 36/. 5s. ; carriage; 181/. 5s. ; permanent bungalow, 500/. ; 
stock (25 head), 75/. ; keep of ditto, 53/. 12s. ; superintendent, 362/. ; conductor, 69/. 12s. ; con- 
tlngenoies, 50/.; = total, 2091/. 7s. Gd. 

Sixth y«ar : — weeding, 250/. ; filling up vacancidls, 25/. ; keeping up buildings, 50/. ; trenching 
and roads, 40/. ; nurseries, 12/. 10s. ; pruning and handling 150 A. at 1/., 150/. ; ditto, 50 at 15s., 

87/. 10s. ; manuring 40 A., at 6/., 240/. ; picking 6850 boxes (1025 cwt.) cherry, 199/. 6s. Gd. ; 
curing, 51/. 6s.; carriage, 257/. 10s.; stock, 150/.; management, 431/. 12s.; contingencies, 50/.; 

total, 1944/. 13s. 6d. 

tfSeventh year: — weeding, supplying vacancies, maintenance of buildings and roads, trenching, 
nurseries, and manure, as before, 617/. 10s. ; pruning, at 1/. an A., 200/. ; picking, curing, and 



na oofTOis. ■ 

dM}«tchiitg 1200 o«t. oroip,S9S;. Os. M. ; otook, maiiAgemeiit, imd continganoiM, ISs; ; a tbtel, 
2024J. 8s. 8d. 


The balance sheet will then stand as under 

. 




£ s. 

d. * 


£ s. 

d. 

Ist year To expenses 

4647 3 

_0 

By balance 

4647 8 

J? 

2nd year:— „ balance.. 

4647 3 

0 




„ expenses 

821 1 

6 


5468 4 

6 


5468 4 

J 


5468 4 

J 

Srdyear: — To balance.. .. 

5468 4 

6 

By 125 cwt. crop, at 90s. net 

562 10 

0 

„ expenses 

1425 16 

0 

„ balance 

6831 10 

6 


6894 0 



0894 0 


4th year To balance . . . . 

6331 10 

6 

By 425 cwt. crop, at 90s. .. 

1912 10 

0 

„ expenses 

2108 17 

0 

„ balance .. .. 

6527 17 

6 


8440 7 

_6 


8440 7 

J 

5th year : — To balance . . 

6527 17 

6 

By 725 cwt. crop, at 90s. . , 

8262 10 

0 

„ expenses 

2091 7 

6 

„ balance 

5356 15 

0 


8619 .5 

Jl 


8619 5 


6th year:— To balance.. 

5356 15 

0 

By 1025 cwt. crop, at 90s. 

4612 10 

a 

„ expenses 

1944 13 

6 

„ balance 

2688 18 

6 


7301 8 

_6 


7301 8 

j6 

7th year:— To balance.. 

2688 18 

6 

By 1200 cwt. crop, at 90s. .. 

5400 0 

0 

„ expenses 

2024 8 

8 




„ balance., 

686 12 10 





5400 0 

__0 


5400 0 

J? 

Subsequent years : — expenses 

2000 0 


By 1200 cwt. crop, at 90s, 

5400 0 

0 


The yield of the crop is based on a first harvest of 2i cwt. an acre, followed annually afterwards 
by one of 6 owt. an acre ; these figures are now manifestly too high. As to the longevity of coffee 
estates, there appears to he no necessary limit to the life of the plant in its natural state, and, 
under suitable conditions of climate, soil, and culture, it may live indefinitely. In native gard’ensin 
Ceylon, there ore many trees far above half a century old, and several of the earliest European 
plantations still thrive and yield at upwards of forty years of age. The price of land has risen 
considerably since the introduction of Liberian coffee ; low-lying plots that ten years since were not 
worth 4 K. an acre, now sell at 201. No export duty is levied in Ceylon. The exports were, in 
1874, plantation, 085,988 cwt., native, 97,020; 1875, 813,401 and 115,205; 1876. 586 580 and 
80,585 ; 1877, 896,584 and 82,281. 

ColomMa.— According to Consul Mallet, the department of Chiriqul, in the interior of Colombia, 
offers a fine field for coffee culture. Planting has already been introduced, but only in a small 
way as yet. The fine lands lying along the slopes of the mountain ranges are said to be admirably 
adapted for the purpose. Land costs nothing, the climate is favourable, transport and labour are 
effioient and cheap. In other departments of the state, coffee culture is of old standing, the produce, 
especially from Ooama and Amhalima, being of excellent quality; it is, however, limited in 
quantity, and chiefly consumed in the country. 

Costa Mica. Coffee raised du the highlands of Costa Eica and Nicaragua is said to be unsur- 
passed iu strength, and to possess an aromatic flavour unknown to the best Eastern growths ; that 
grown at medium elevations is of good quality, and though without the plump form and bluish tint 
of the upland produce, it compares favourably with Javan or Moluccan coffee. The cultivation 
suffers much from want of labour. The quantities exported in the years 1875-8 respectively were 
about 28^ million, lOJ million, 24^ millioir, and 18 million pounds. The priuoipal oomramers 
appear to be Groat Britain, California, and France. t 

JS'owadbr.—Inoreasing attention k being given to coffee cultivation in Ecuador, and the produce 
is of good quality. The exports from Guayaquil during the years 187S~8 respectively were about 
700,000 ; 1,000,000 ; 1,000,000 ; 800,000 ; 1,000.000 ; and 100,000 pounds. The crop of 1878 was 
completely spoilt by heavy rains ; the yield was very inferior in quality, and so low in quantily as 
not to suffice for local needs. ^ ^ ^ 
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of principal odETee dieirlotfi bai^sufl^iod loigoi 5 r {h>m>Indiim di8tobfln<^ 
6xha«¥istion of the Boil, and, perhaps, inadaptability of oUmate ; but for eyery tree abaodobed in tini 
eeoiion, 100 have been planted in new and better lands. Probably there haye been S^OOO^OCfO new 
trees planted, consequently the crop of 1B80~81 should exhibit a marked increase over that of ahy 
previous season# The Vera Paz or Ooban distriot, which hks its outlet on the Atlantic, vil. Ynabal 
and BeHae, has been specially sought after by Germans and Americans, and is being industriously 
developed in its ooffee-bearing qualities. The land and labour are cheaper than on the Paoido 
slope ; but the yield per tree is very much less, being an average of 1 lb., while on the Pacific slope 
it reaches 8 lb , and even 5 lb. in some specially favoured localities. Nevertheless it is questionable 
which section will, in the ond, produce the bettor results. Boddam-Whethaim points out the exist* 
ence of several disadvanta^ s in the country, viz. ;-^the want of good roads, and the liability of 
losing most of the labourers at a moment's notiou, in the event of their being required for military 
^iirifVioe ; on some plantations too, water has to be conveyed in fiumes from a distance^ The 
advantages are that the climate is pleasant, as the planUtions are situated between 2000 and 
4fi00 ft. above the sea/>level, and that hitherto there has been no disease, all the conditions fi>r good 
crops being favourable. Coban coffee bas a peculiar delicate flavour, sad the fine plantations that 
are gradually arising, point to a prosperous future for this section of Vera Paz. The crop of 1878 
was exported principally to the following countries : — California, about 7,500,000 lb. ; England, 
6,800,000 ; Germany, 2,800,000 ; France, 2,5ij0,000 ; Belize (chiefly for England), 800,000 ; New 
York, 400,000 ; Belgium, 200,000 ; South America, 170,000. It was valued at 16 c. (100 o. =: 4s.) 
a lb. at the port, but was barely worth 18 c. In the lower districts, the beans are dried by being 
spread on a patto ; at higher altitudes, they are placed in shallow trays with perforated bottoms, 
and ^ current of warm, dry air is made to circulate through the building. The coffee is transported 
mostly on Indians' backs ; a bag (100 lb.) is a load, apd 18-24 miles constitute a day’s journey# 
the pay for which is 9<i, 

Guiana. — Coffee culture in this colony seems to have been at its height in 1808, when nearly 
10 million pounds were shipped. Since then, it has gradually declined, and, in 1874, the exports 
were but 40,000 lb. 

Honduras. — The soil in favoured spots is very fertile, and in the gardens of Machaquila and 
Peten Suk, are coft'ee-trees yielding 7 and 8 lb. of berries. In the neighbourhood of the Belize 
Biver, Indian labour is available, and this side of the continent is much preferable to the Paoifid 
slope, where much coffee is grown, on account of soil and climate, and more particularly as regards 
the effect of the sun, for it is more or loss cloudy here throughout the year, affording the requisite 
sliade to the plant. The lands here at 500-2000 ft. above sea-level, aro better than the hills in the 
interior, if for no other reason on account of the facility of tranBj)ort. 

India. — CJoffee cultivation in some parts of Southern India, has remarkably increasod of late. 
The following concise statement from official sources shows the condition of the culture in the three 
provinces of Madras, Mysore, and Coorg, in the season 187f ‘'-7 ; — 

Madras. — Under mature plants, 49,350 acres ; under immature plants, 15,711 acres; total yield 
about 13J million pounds ; average yield per acre of mature plants, 268 lb. 

Mysore. — Under cultivation, 115,315 acres; total yield, about 6J million pounds ; yield varies 
from 1 J to 103 lb. per acre. 

Coorg. — Under mature plants, 35,150 acres; under immature plants, 9000 acres; total yield, 
about 12 million pounds; average yield per acre of mature plants, 839 lb. 

Large reserves fit for coffee-growing still exist in the Nilgiri Hills ; but the Government is 
unwilling to encourage further deforestation. In the Wynaad di»trict, there are reckoned to remain 
200,000 acres of reserve suitable for coffee. The chief seats of tl)e culture are the Wynaad, the 
Nilgiris, Mysore, Coorg, and the Shervaroy Hills. The Wynaad, officially divided into north, 
south, and south-east, is a district in the collectorute of Malabar, about 70lniles by 25. Its coffee 
is conveyed to the coast for curing and shipment, that from tho northern division to Telliohcriy 
and that from the south to Calicut, principally on pack bullocks. The Nilgiris are a spur of the 
Westetn Ghat range, running eastward, and form a bold and lofty group of mountains, containing 
the culminating elevation of this part of India, at upwards of 8000 ft. above the sea-level. The 
slopes adjacent to the approaches to Ootocamund are covered with coffee plantations on every side. 
Labour is not over abundant, tho climate being found rather too cold and wet for the natives of the 
low countries ; but many advantages of soil and climate render the district eminently suited for 
coffee cultivation. Some of the plantations are situated as high cks 6000 ft. The port of shipment 
is Calicut, to which the crops are ooiivd^ed for a cousideriJble distance by water. The Shervaroy 
Hills ore rituated in the centre of the Madras Presidency. Coffee cultivation has not made great 
progress so far, nor is the yield large. Possibly these hills are situated too fiar from* the sea-coast, 
the climate bring thus too dry ; but by the judicious use of shade, such, for instance, as that of the 
jaok*tree, this diiBculty might be overcome. The district pepmsses great advantages in mmeetioa 
with labour supply and cheap traniport, bring tapped by the Madxae and Beypomr Bailwny. In 
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Mysore, the pfineipal distriots wliere oofTee culture is carried on are Mai]zeral)ad and Nngger. 
^he slopes of the hills that rise on the plateau of Mysore are thickly clothed with plantations ) and 
on the Bababuden range, there is hardly a spot flt for coffee raising left unoocnpl^. The produce 
fetches the highest price in the London market. The port of shipment is Mangalore. This 
district furnishes labour to Coorg and the Wynoad. The district of Ooorg is some 60 miles in 
diameter, and its estates may be divided into three classes, each having peculiar advantages and 
drawbacbs^the Mercara, the Ghat, and the Bamboo districts. The Meroara plateau varies in 
elevation from 3500 to 4000 ft., and is equally exposed to mousoon rains and dry easterly winds. 
It is well watered, .the rainfall reaching 121 in., and being equally distributed throughout the 
year. Great precautions are needed against wash ; shade is not usually required. The Ghat 
district was originally covered with thick forest, thus yielding a rich soil, whose fertility was 
increased by abundant humidity of climate. The estates have, however, been much injured by 
constant deforestation, by wash, and latterly by drought, and its attendant evils. The Bamboo 
district has an elevation of 3000-3300 ft., and an annual rainfall of about 65 in., gentle and 
seasonable. The ground is undulating, and the soil is very rich, not being exposed to wash. 
Shade is essential. 

The seasons and operations in Southern India resemble in general those of Ceylon, but possess 
some peculiarities worth alluding to. There are distinct zones within which coffee will succeed ; 
this is especially the ease in Mysore, as has been admirably illustrated by Lewis Kioe, in his 
exhaustive work on tlicse regions. The raising of nursery plants is much more difficult on 
account of long drought and dry winds ; abundance of water is, therefore, of vital importance. A 
northern aspect is best, being most moist during the dry season, and possessing the most uniform 
temperature : but it will be modified either eastwards or westwards according to the locality, so as to 
suit the prevailing wind. On the western slopes of the coast ranges, the south-west monsoon bursts 
with such force that coffee cannot withstand it ; in that situation, therefore, an easterly tendency 
of aspect is imperative. Further inland, the drier and hotter climate will compel a westerly devi- 
ation, so as to catch as much as jwssible of the mousoon rains. In the western or wetter districts, 
shade is inadmissible; in the eastern or drier districts, it becomes a necessity. The plan of 
leaving individual trees when the forest is cleared, is an objectionable and obsolete way of securing 
shade. With the first rains after the burn, there springs up an abundance of saplings of the 
charcoal tree {S^ponia Wightii). In two years, it forms an amjde shade for the coffee plants ; but 
it grows older, the foliage becomes thin ; the tree, moreover, is but short-lived, and its timber is 
«oft and watery. While, therefore, it affords an excellent temporary shade, it must not be relied 
upon for permanent shade, but be replaced by otljor growths ; being extremely light, its removal 
need not damage the coffee. It must bo cut down while still living, as its death is said to kill the 
coffee under it. For permanent shade, preference seems to be given to the jack-tree, as in Ceylon ; 
but tho JJatihinia, Poinciana regia, mango, and others have their- admirers. In Mysore, all coffee 
grown is subjected to an excise tax of 4 annas (6d.) a maund (25 lb.) ; in Coorg, there is no excise 
tax, but a land tax as follows for the first four years, nil ; 5th-9th year, 1 rupee (28.) an acre ; 
thenceforth, 2 rupees an aero. 

The following estimates (in rupees) for coffee cultivation in Southern India are based on the 
purchase of .300 A. of forest lands at 50 R., and 200 A. grass land at 25 R., bringing 200 A. of 
the former into full bearing ; labour, 4 annas a day, exclusivo of inaistries’ wages : — 

First year ; — Laud, 20,000 ; tools, 350; felling and clearing, 50 A. at 20 R., 1000 ; coolie lines 
and bungalows, 1203 ; nursery containing say 1 lac of plants, for 2nd year’s extension, 250 ; roads, 
to the estate and on the clearing, 230 ; lining out 50 A. at 3 B., 150 ; pitting, 50 A. at 6 ft, x 6 ft., 
Bay 1452 pits per aero at 4 as. for 20, 907; filling in pits, 151 ; plants, 75,000 at 7^ R. per 1000» 
562 ; planting 50 A., 90 ; cleaning and weeding, till 30th Sept., 50 A. at 6 R., 300 ; superintendent, 
1320 ; writer, 360 ; maistries, 10 per cent, on hoolie labour, 417 ; contingencies, 600 ; = total, 
27,790 R. 

Second year (cultivation, 50 A., extension, 50 A.) : — weeding, 900 ; filling up vacancioB, 69 ; 
repairing buildings, 150 ; roads and trenching, 100 ; re-planting nursery, 188 ; additional lines, 
850 ; tools, 250 ; felling, clearing, lining, pitting, filling, planting, cleaning up and weeding 50 A. at 
last yearns rate, 2599; roads and trenching, 120; superiutendont, 1800; horse, 400; writer, 420; 
maistrios, 408 ; oontingoncios, 500 ; = total, 8199 R. 

Third year (cultivation, 100 A., extension, 50 A.); -weeding, 1800; filling up vacancies, 
10 per cent, on 60 A., 69 ; and 6 per cent, on 50 A., 34 ; repairing buildings, 225 ; trenching and 
repairing roads, 150 ; re-planting nursery, &c., 166; topping and handling 50 A., 125; addidcmal 
coolie lines, tools, and roads, os before, 720 ; felling, &o., &c., 50 A., as before, 2599; pulping-house, 
store, and pulpers, 4000 ; gathering 1250 bushels cherry (say 126 cwt.), at 4 as., 812 ; ouriug at 
8 as., per cwt., 62 ; despatching to coast, at 10 as. per bushel parchment, 890 ; superiuteudent, 
2620 ; writer, 480 ; maistries, 669 ; contingencies, 600; = total 14,811 E. 

Fourth year (cultivation, 150 A., extensioD, 50 A.): — vy^eeding, 2700; filling up vacanciee, 
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laO; ret^irioig buildings, 400; roads and trenching, 2d0; nnisery, lOO; toj^ping^ handling, and* 
pruning, 4jl5 : additional coolie lines, tools, and reads, as before, 720; felling, dec., SO A., an 
before, 2599 ; completing store and pulping-house, 200Q ; gathering 4250 bushels Cherr;f (say 
425 owi), 1062 ; curing, 212; despatching to Coast, 1828; superintendent, 3120; writer, 640; 
maistries, 789 ; cattle-sW, 1000 ; cattle (75 head), at 80 E., 2^60 ; keepers, &c. (6 men), 432 ; con*^ 
tingencies, 600 ; =s total, 20,566 R. 

Fifth year (cultivation, 200 A.) weeding, 8600 filling up vacancies, 178 ; repairing buildings, 
500; roods and trenching, 400 ; nursery, 100; topping, handling, and pruning, 850; manuring 
50 A. at 40 B., 2000 ; gathering 7250 bushels cherry (725 owt.), 1812 ; curing, Sjf 2 ; despatching to 
coast, 2266 ; permanent bungalow, &c., 5000 ; cattle (25 he-^d), 750 ; keepers (6 men), 432 ; superin- 
tendent, 3620 ; writer, 600 ; maistries, 981 ; contingencies, 600 ; = total, 23,945 E. 

Sixth year ; — ^weeding, 8600 ; filling up vocajides, 175 ; buildings, 500 ; roads and trenching, 
500; nmsery, JOG; pruning and handling, 2000; manuring, 2500; gathering 10,250 bushelsj 
2563; curing and despatching, 3715; stock, 1200; superintendent and writer, 4220; maistries, 
1000 ; contingencies, 600 ; = total, 22,573 R. 

Seventh year cultivation, 9375; gathering, 12,000 bushels cheny (1200 cwt.), full crop, 
3000 ; curing and despatching, 4350 ; stock, 1200 ; management, 5220 ; contingencies, 500 ; = tdtal, 
23,645 E. 

The balance-sheet will then stand as under ; — 


Ist year : — To expenses . . 

.. E. 27,790 

By balance 

. B. 27,790 

2nd year ; — ^To balance . . 

27,790 

By baianoe 

. 35,989 

' „ „ „ expenses . . 

• 

8,199 




35,089 


85,989 

3rd year : — To balance . . 

35,989 

By 125 cwt. crop, at 45 R. 

5,625 

„ „ „ expenses .. 

14,811 

By balance 

.. 45,175 


50,800 


60,800 

4th year : — To balance . . 

.. 45,175 

By 425 cwt. crop, at 45 R. 

. 19,125 

„ „ „ expenses .. 

.. 20,566 

By balance 

.. 46,617 


65,742 


65,742 

6th year : — To balance . . 

.. 46,617 

By 725 cwt. crop, at 45 R. 

32,625 

„ „ „ expenses.. 

.. 23.945 

By balance 

.. 37,937 


70,562 


70,562 

6th year : — To baianoe . , 

.. 37,937 

By 1025 cwt. crop, at 45 R. . 

. 46,125 

„ „ „ expenses .. 

.. 22,573 

By balance 

.. 14,386 


60,511 


60,511 

7th year : — To balance .. 

.. 14,386 

By 1200 cwt. crop, at 45 R. 

.. 54,000 

„ „ „ expenses .. 

23,645 



„ „ „ balance . . 

15,969 




54,000 


54,000 

Subsequent years To expenses 23 , 645 

By 1200 cwt. crop, at 45 R. 

.. 54,000 


Among other Indian districts where coffee cultivation has been tried, it is reported from Chitta- 
gong that it yields 9, and oven 12 cwt. an acre, and that thousands of acres of excellent land can be 
got near navigable rivers, and where manure and labour are abundant. The Joint culture of coffee 
and tea is strongly recommended in this district, labour being available for each in its season. 
It has been tried, but with little success, in tho neighbourhood of Darjeeling. It seems very 
dohbtfbl whether occasional cold will not always be a bar to the general spread of coffee in N. 
India. • 

The quantities and values of the coffee exports from British India (excluding Ceylon), for the 
last five years of which statistics have been issued, were respectively :--1874, 40,816,040 lb. ; value^ 
1,487,41D.; 1875, ^,925,072 lb.; value, 1,305,385/. ; 1876,41,662,4321b.; value, 1,627,027/.; 1877, 
88,874.768 lb. ; value, 1,845,882/. ; 1878, 83,300,624 lb. ; value, 1,338,499/. 

The drought of 1877-8 affected the c^ee plimtations, and wonld of itself su^dently account for 
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dixAinislied export 0 » if the leaf diseaee and the horiear did not help to keep dewQ the yield. The 
average valwo per cwt. was a little higher than in 1876-77, having been jnst over 46 rnpeee 
ae compared with 44*4. The United Kinfedom and France are the two largest consumers of 
Indian coffee, although in both countries it is subject to excessively heavy dhties. The Austra- 
lian colonies consume large quantities of tea and coffee ; but they take neither the one nor the other 
from India. Producers in India have hitlierto found a ready market in Europe for their whole pro- 
duction, and have had no inducement to essay the opening of a trade with Australia. Nevertheless 
the trade would certainly become a source of considerable profit to India, and it would be well worth 
while to direct attention to the matter. The exhibitions at Sydney and Melbourne offer excellent 
opportunities for introducing these staples to the notice of the colonists. 

Java.— Java is the second largest coffee-producing country, nine-tenths of the culture being in 
the hands of the Government, and effected by forced labour. Around the estates a fence is planted* 
about 12 ft, from tlie outer row of the plants, generally of the jarak^ or castor-oil plant {Palma ChrisU)^ 
intermixed with the dddap^ or the silk-cotton tree ; and, in low situations, outside .of this a ditch is 
dug, to carry off the water. These operations commence in August or September, and by the time 
the ground is in perfect readiness for planting, the hotvvy rains are nearly over. The plants are either 
raised from seed in nurseries, or the estates are supplied with “ stumps from wild or casual seedlings. 
Nursery plants are generally removed at six months, when they are about 12 in. high ; tbeir after 
growth is so rapid, that in nine months they attain to 2-3 ft. in height, and at twenty months are 
6-8 ft. high, and capable of bearing f lb. prepared coffee per tree. The trouble and expense of 
nurseries in so hot a climate are, however, very great, and the second plan is often adopted. In 
this case, the plants grow more slowly ; but they l>ecome more lasting and hardy trees. The planta- 
tions are generally laid out in squares. The distance' between the plants varies according to, the 
fertility of the soil ; in a soil not considered fertile, a distance of 6 ft. is preserved ; but in a rich 
soil, where the plant grows more luxuriantly, 8 ft. X 4 ft. is the scale hitherto commonly used. 
Now, these distances are deemed too small, and new estates are being laid out at 10 ft. x 9 ft., and 
9 ft. X 9 ft. At all altitudes below 2500 ft, shade seems necessary, especially during the early 
growth of the coffee-bushes. The tree almost universally employed for this purpose is the dddap 
{JEryihrina)i of which several varieties are abundant throughout the island, the seraph the dt/n, and 
the warn ; the first is preferred as affording the greatest shade. It is propagated by cuttings ; and 
in selecting them ft)r the coffee plantations, care is had that they ore tt\ken from trees at least two or 
Ihtee years old, and that they are 3-4 ft. long, of which 1 ft. at least must be buried in the ground. 
After the dddaps are planted, holes are dug, 1^-2 ft. deep, for the reception of the coffee plants. 
It is a common saying that whore the ddd(xp flourishes, there also will coffee grow ; but tliey are not 
always constant or necessary companions, for many gardens in high lands contain few dddaps. It 
is probable that in future these trees will bo largely replaced by Acacia Julibrissin {Alhizzia 
Molucoam)^ which grows very fast, and is superior for several reasons. ludigo is frequently planted 
among the young coflee, chiefly in order to keep down the weeds, but also to be used as manure. 
As the tree waxes, no attemi)t is made to train it, and it grows up with several stems as a native 
tree. It is pruned only when branches show signs of decay, or when the borer, which is very 
destructive, compels the planter to out down the attacked storas. The weeds are dug up with 
niammoties, to a depth of 6 in., and piled in rows between the shade trees parallel to the lines of 
coflee. These weeds, among which is the alang-alang, and other fodder grasses, furnish valuable 
cattle food. When an estate shows signs of decay, the cotttjc trees are all cut down, the dddap trees 
being either felled or ringed near the roots, so that they may decoy gradually and fall piecemeal 
to the ground ; the process of replanting is then repeated in the same manner as before. Thus the 
laud may be replanted several times, and so rich is it that the last garden will be better 
than the first. On the other hand, the climate is os a rule far too forcing for permanent culture. 
Tho average crop is very light ; and after 12-14 years, the yield is so small as not to repay the cost 
of harvesting. On estates below 1000 ft, the trees bear earlier and produce more, but do not 
last beyond ten years ; at altitudes of 3000-4000 ft., they may last 30-40 years. On many of the 
elevated plantations, the trees grow to a height of 30-40 ft., necessitating the use of ladders to 
gather the crop. Such trees are grown 25 ft. x by 26 ft. apart, on terraces 25 ft. wide, planted 
with grass at the edge, or all over, to prevent wash. These trees yield 6-7 lb. prepared coffee. 
The average produce of the Government plantations is reckoned, by Jagor, at only jj lb. a tree ; 
that of the few private estates at 1 lb. a tree ; the difference is attributed to the ill effect of forced 
labour. The methods of cultivation adopted by the private planters vary considerably ; in some 
instances, the trees are topped at 4-5 ft., and pruning is attempted, but the results are not 
satisfactory. The condition of tho Gk)vernment culture has remained stationary during the last 
forty years. Tho season affords what ore termed three crops ; the first is but small, the second 
is most abundant, and the third is rather a gleaning. Owing to the scarcity of WateX) the labourers 
convey the cherry coffee to thoir own homes, where they pulp and wash it with wooden pestlea 

Attached to evety principal village, near which there are coffee plantations df any extent, there 
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]« a drying-hofloBe, to the pulped eoffee is brought i0 there placed <m hurdles, "about 4 ft. 
from the I9ber, under which a slow wood fire is kept up during the night. The roof of the drying- 
house is opened at morning and evening to admit the air, and the berries are frequently sited to 
prevent fermentation. As the direct heat of the sun is considered prejudicial, the roof ot the house Is 
Closed during the day. This operation is repeated till the rchment is quite dry. The berries 
dried in this way are small, of a sea-greim or greyish colour, and are suppoa^ to acquire a 
peculiar flavour from the smoke, although it does not appear that any particular kind of wood Is 
used for fuel. When dried in the sun, the beait becomes of a pale bleached colour, is larger, 
specifically lighter, and more insipid to tlio taste than the fOimer. According to Jagor, a period of 
five to six weeks is required. The most common mode of freeing the bean fronythe parchment is to 
pound the berries, when dry, in a bag of buffalo hide, great care, being taken not to bruise the 
beans. A mill of simple construction is sometimes ui^d, but is not found to answer so well. The 
coffee beans are then put into bags or baskets, kept on raised platforms till the season of delivery^ 
when they are carried down to the store-house, sometimes by men, but generally on the backs 6f 
buffaloes and mares, in strings of 1500-2000 at a time. In some instances, however, improved 
machinery has been erected for pulping and curing the coffee on the West Indian plan. The crop 
of 1878 was estimated to be 20 per cent, below the average, chiefly ov^ing to tlie drought of 1877* 
The finer descriptions of Samarang (West Indian preparation), Buitenzorg (ordinary preparation). 
Government Preanger, and Government Padang, commanded high figures ; nearly the whole of the 
two latter brands was bought up for the United States at very advanced figures. Further large impor- 
tations of Liberian coffee seeds and plants took place during the year ; but from the short period of its 
trial, no reliable opinion can yet be formed as to its suitability. These importations were effected 
from or through English houses, Ceylon growths being prohiidted on account of the leaf disease. The 
exerts of Java coffee, from 1st July, 1877, to .SOth June, 1878, stated in picu/s of 122 lb., were, to 
Holland, 1,096,872 ; France, 14,707 ; Port Said, for orders, G948; Italy, 5775 ; Singapore, 6079 ; 
America, 3993; Australia, 1107; Channel, for orders, 102. 

Liberia. — The Guinea Coast of Africa, and more especially the republic of Liberia, is remarkable 
among coffee producing countries, as the home of a peculiar species of coffee, formerly known as 
0. microcurpaj but now finally designated C. Liberica. It is distinguished from C. Arabica by much 
more robust habit ; it attains a greater height, and both leaves and fruit are larger and less delicate ; 
it also prefers low elevations. In its native country, this species grows as well near the sea (100 yds., or 
less distant), as thirty miles inland, and the wild plant is found even yet further towards the interior* 
The general temperature of the coast districts ranges between 22° and 31° (72° and 88° F.) in the 
shade, the maximum being 33° (91° F.) aud the minimum 17° (62° F.) ; away from the sea, the 
temperatures decline l°'-2° F., principally owing to the rise of the land. The limits of elevation 
are from sea-level on ibe coast to 550 ft. inland. It is as much at homo on flat land as on hill 
slopes, provided always that the land is drained. 

Though the cultivation of this plant in its native soil was started by the late President 
Roberts, and is extending every year, attention has piiucipally been paid to its acclimatiza- 
tion ill other countries. In Ceylon and Soutliern India, some hundreds of acres are already 
planted with it, and the movement is still extending. A point greatly in favour of the plant 
is the low altitude at which it flourishes, thus permitting the utilization of land otherwise 
unproductive. At the elevations where (7. Arabica is best cultivated, this species refuses to 
grow, and perhaps the highest successful plantation is at about 1600 ft., at which height 
it was found beneficial to leave some of the forest trees as shade; probably the planting of 
oooo-nut trees would be better. The young plants require careful protection from wind and extreme 
heat ; but soon become hardy. The size of the trees is such that an acre will not conveniently 
contain more than 450. At a greater elevation than 800 ft., difficulty is experienced in ripening 
the fruit. Planters are sanguine that a hybrid between the Arabian and Liberian species would 
flourish in the zone ef 1000-8000 ft. The hope that the new species would be proof against leaf- 
disease has been somewhat disappointed ; nevertheless, the trees are very much less affected than 
the common shrub. The trees appear also to demand less rain and to withstand greater heat. On 
the score of longevity, there appears to be little difference between the two kinds. They mature 
early, and bore heavily ; one estate in Ceylon had trees yielding a ton an acre at 4 years old ; and 
7 cwt. an acte is said to be art average crop. The idea of its entirely replacing the longer known 
variety is fanciful, yet by cultivation and preparation much may be done to improve the inferior 
flavour and coarseness of the berry, which now prevent its being used alone. 

The plant has been largely introduaed into other of our Colonies, into Brazil, and by the Dutch 
into Java. In the West Indies it grows exceedingly welL and bids defiance to the blight (Cemio- 
gtoma caffeellum); it has a further advantage in this case that the ripened berries remain so long on the 
trees as to enable the crop to bo gathered by few hands. It flourishes best on the “ h^vy bottom" lands, 
and in poor moist lands, and is recommended as particularly valuable for planting on cocoa estates. 
Ey grafting or inarching the Arabian species on stems of Liberica, an increased growth is obtained. 



718 


OOfFEE. 


grows well In moat parts of Madagascar ; in recent yeals^ large plantations 
bate been formed along the banks of the rivers on the eastern side of the island^ These are chiefly 
managed by Creole traders, who employ slave labour. Coffee already promises ^ become a very 
important mrtiole of export. 

Mexico ^ — Thongh Mexico scarcely figures in the coffee-producing countries, its capacity and 
adaptability have been tested by successful cultivation. The productive regions are found on the 
sea slope of the mountains ; on the Pacific side, from Guatemala, for more than a Jh^^^nd miles to 
the north, till reaching a line of occasional frost in the State of Sinaloa ; and on the Gulf coast, from 
Yucatan into Tamanlipas, for more than a thousand miles. In addition, it flourishes in the valleys of 
the interior, wherever the table -land is depressed to the level of tropical and semi-tropical vegetation. 
The elevation above the sea, at which it is cultivated, varies from 4500 ft., and even higher, down to 
nearly sea-level in many localities on both coasts. Tho production need only be limited by the extent 
of land brought under cultivation. Mexico as a coffee-producing country has been tested by more than 
fifty years of experience. That coffee has not assumed the first place in exportation is te be attributed 
to tho same causes which have retarded all development of the country. Hitlierto, the production 
has been mostly consumed by the home demand, which is quite large, as coffee is in very general 
use by all classes ; but during the past few years, the cultivation has increased, so that a small 
exportation baa commenced. The statistics of the port of Vera Cruz indicate a steady development of 
the export, which ought in a few years to become considerable : — 1871 , 672,588 lb. ; 1872, 1,912,020 ; 
1873. 3,909,446; 1874,4,204,446; 1875,5,375,678. 

The young plants are transplanted from the nurseries at twelve to eighteen months, to tbe 
fields, which are prepared in open forests, and on mountain sides affording shade. In open flclds» 
a growing shade must bo created, usually by plijnting bananas ; but the best cultivators set out 
cinchona and valuable timber trees, as oak, walnut, &c. The second year after planting gives a 
very slight yield of coffee ; the third year, about a half crop ; and the fourth year (or when the 
plant is five years old), a full crop. The plants are set out usually about three yards apart each 
way, though often closer, Tho cultivatioTi consists in keeping tho fields clean, and ploughing ; 
in certain localities, irrigation is necossary ; tho best planters prune carefully, keeping tho height 
at 6-8 ft. The first flowering is sometimes as early as December; the second, in February ; the 
third and most abundant, in March and April. The berries are dried by exposure to the sun, 
when they shrivel, and change to a black colour. They are then put into a mortar, and the beans 
are hulled or beaten out with a pestle, and are then separated from the parchment by the crude 
process of winnowing, though sometimes a fan-mill is used. So far, no disease of plant or berry 
has appeared; and although great drought may diminish' tho crop, it does not destroy it. The 
flower, when in full bloom, is sometimes broken off by severe winds ; but this seldom diminishes 
the yield. 

The trees continue bearing for twenty to tweniy-fivo years. There are, however, trees sixty to 
seventy years old, which are yielding a fine crop. The average yield per tree is about IJ lb., 
though with intelligent priming and manuring, it may bo increased to 3 lb. a tree. It is not 
uncommon to find trees yielding 5-7 lb., and in very exceptional cases, 25-50 lb. each. After the 
plants begin to bear a full crop, the annual cost of cultivation, up to sale in local market, is 6-7 cents, 
a pound. Tho above remarks refer especially to tho region around Cordova, whi(;h is at present 
tho greatest producer of the republic, and tbo most accessible to the American market ; but 
several other localities are assuming some importanee. One of these is the district of Soconnsco, in 
the State of Chiapas, immediately ujK)n the borders of the republic of Guatemala. Several 
foreigners and a number of resident proprietors have embarked in tho cultivation. The special 
advantages presented here are cheapness of land and labour; tbe chief impediment is the fact 
that this district is disputed territory, claimed by both Mexico and Guatemala, and the tenure and 
protection of property arc insecure. The valley of Uruapan, in tbe State of Michoacan, has great 
celebrity for its superior quality of coffee. But the most noted region is the State of Colima, on 
the Pooiflo coast ; its product is so highly esteemod that it commands a fabulous price in the City 
of Mexico, and more distant places in the republic. The favourable report on sample lots sent to 
Europe in 1873 gave an impetus to tho cultivation. Since that year, over one million plants hav© 
been set out, and are now beginning to bear : planting continues to increase, and coffee promises 
to become the principal article of export. The demand is so great that large lots fetch 27^ cents 
per pound at the plantation, mainly for consumption in the interior, a small portion only being 
shipped to Germany by resident German morohaiits, on private orders. Colima, and some other 
States, have passed liberal laws for tbe encouragement of (;pffee cultivation, offering premiums for 
tho largest crop produced, and exempting coffee lands from all taxes. 

NaiaL — Coffee culture in this colony seems to be struggling against adverse conditions, notably 
the disastrous spread of the bark disease, for which no cure has been found. This is the more to be 
regretted as the quality of the beans is very fair, and the demand for the article is always growing. 
The causes of the disease do not seem to have yet been sufficiently investigated, and without this 
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iheiQ k iiiite gcKid in taaking suggestions as to shade, injuring, pruning, as remedies. The 
eyidedce in favour of partial shade in many localities is s&ong ; tor this parpose^ local varieties of 
Erythrina might he ua^,^a8 in Java, &o. One planter expresses himself very strongly on the subject 
of topping : he condemns the adoption of a universal standard of height, and recomi;i^end8 for the 
coast lands, a height of 6-8 ft. ; and for the higlier lands, ranging firom Fields’ Hill upwards, about 
5 ft. tjnlike Ceylon, elevation seems hut little to affect the value of Natal estates ; but river-beds, 
and low, damp places, being liable to frost, must be avoided. Too little attention, perhaps, has 
been given to irrigation in the dry season. The b^t months for making seed-beds are ISeptember 
or February : when the former is chosen, the seedlings should be ready for the nursery at the time of 
the autumn rains (March) ; when the latter, the spring rains (Bepteraber-Octc^r). A safeguard 
against the young plants being scorched is found in large castor-o'l leaves ; they are cut with about 
9 in. of stalk, and are stuck into the ground, between each plant and the sun, soon drooping, and- 
forming sun-shades. The plants are said to begin bearing in eighteen months after transplanting, 
the yield gradually increasing till the 7th or 8th year, when they should give full crops. A fair 
average crop is put down at 11b. a tree all round. Nearly all the crop is used in the colony or 
Ueighbouring republics, consequently the Customs returns only show a very small proportion of the 
annual yield ; it is impossible, however, that the entire yield of the colony has ever exceeded 
20,000 cwt. The exports were, in 1874, 080 cwt. ; 1875, 363 ; 1876, 179 ; 1877, 91. * 

Nicaragua. — A few coffee estates exist; but the export is very trifling— some 400-500 lb, 
annually. 

Pacific /stofids.— Coffee has been successfully introduced into the Fiji and the Friendly Islands, 
and in the course of a few years it will probably form an important export. Trees raised from 
seed bear fruit in the fourth year. In the Sandwich Islands, the cultivation is also progressing, 
lar|;e plantations having been laid out with a view to supplying the markets of Sydney, California, 
and Chili. Almost the whole of the produce goes at present to tbo United States, the small 
remainder being taken by China and Germany. The total export, in 1878, was 127,963 lb. 

Pem, — Coffee grows luxuriantly on the mountain slopes, the crops often being so heavy as to 
necessitate artificial supports for the branches. Nevertheless, the export from MoJlendo, the 
second port of the republic, amounted only to about 140 cwt., in 1878. 

Philippines, Coffee thrives remarkahly'iu the Philippines, imd the b(Try posse.^sos a peculiar 
flavour which is highly esteemed on the Continent, so that though it is by no moans well prepared 
or nice looking, the worst brands fetch a higher price than Java growth, and the vfilue on the 
spot far exceeds the current rate of the London markets. There arc two kinds of coffee, viz, 
‘‘ Manilla ** and Zamboanga.” The former is grown in the islands of Batangos, Indan, Laguna, 
and Cavite; its price in place, in 1878, varied between 19 J dol. and 22 del. (dol. = 4s. 2(i,) 
e, picul (139^ lb.); the beans are medium-sized, and pale-green in colour. The latter variety 
comes from Mindanao, and the southern islands generally. The beaus are larger than the 
“Manilla,” but yellowish- white in colour, and flabby in texture; samples also always contain 
^ much rubbish ; local i)riccs, in 1878, fluctuated from 17| to 21 dol. a picul. The exports of all 
kinds from Manilla weie, in 1877, 8843 tons, value 245,980^. ; and in 1878, 2306 tons, value 
147,560?. The propoition sent to Great Britain, in the latter year, was only 160 tons, and to 
British Colonies, 242 tons ; tlie remaintler was token by Continental Europe. Bhi])meiit is effected • 
in bags of 150 lb., or in cases of 200-300 lb. In the islands of Cebu and Boliol, the natives have 
planted patches of coffee, and small parcels of “ parchment’’ were offered in 1878. The quality is 
excellent, and the price stood at H-16 dol. a picul. Small quantities, of inferior growth, from 
Yligun in Mindanao were offered at 12-13 dol. a picul. In Timor, the Portuguese are extending 
the cultivation among the natives; the trees mature early, IJ cwt. of coffee being obtained from 
fifty trees in 4-5 years. In Aml)oyna, also, a number of trees have been planted, 

Siam . — In the hilly districts of the East Coast of the Gulf of Siam, tbo cultivation is carried on 
to a limited extent. Some fine samples were shown at the Exhibition of 1862. 

’ Straits Settlements.— ASier a fair trial, it seems that coffee planting in Penang has not been a 
success. During the first 12- 18 months, the plants grow wdl, and are strong; but the effort of 
bearing fruit, under the influence of long-continued <lrongbt, weakens them so that they lose 
foliage and fall a prey to discjase. Under shade, on the plains, they stand better ; but the crop, is 
very fight, and often fails altogether. On the Great Hill, the plants bear better ; but the planta- 
tions are restricted to narrow limits. Liberian plants have been introduced into Singapore and 
Sarawak, and promise well. 

Sumatra. — Among the Eastern Archipelago, this island ranks next after Java in the quantity of 
its produce, the cultivation having been liargeiy adopted by the natives. The quality of the berry 
varies much ; the dark-yellow or brown are the best, the black are inferior. The annual crop may 
perhaps, reach 20 million lb. 

Surinam.-^ JA century ego, this colony produced 7^ million kilo, of coffee; tiiis enormous 
quantity has gradually dwindled down to insignificance .—rln 1875, the production was 87,357 
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Mio.; export, 644 kilo.; in 1676, ike fignres were 12,412, and 825; in 1667, 6178, and 150. 
In ibis last year, there was one eatate planted with coffee and cocoa, and font wiih coffee and 
planiaine. 

United States , — ^The Department of Agrionltnre, at Washington, baa recently issued a circular 
relative to the possibility of coffee culture in some of the States, and is led to believe that the con- 
ditions of climate and soil will be found suitable in Florida, Lower California, and part of Texas. It 
is stated, indeed, that in the two former is found an abundance of wild coffee. In California, seed 
obtained l^om Costa Hica has been planted, and the results hitherto are satisfactory. 

Venezuela.^The annual production is about i million cwt., the best being grown in the cooler 
portion of the State'. The crop is gathered in October ; the cherries are spread on hurdles exposed 
to the sun, where they ferment for 14-20 days, and then dry. Pulping is performed by machinery, 
atid the parchment is winnowed away. The average crop is generally placed at i lb. a tree, which 
in some localities is reduced to I lb. 

West Indies . — The decline of coffee culture in the British West ludies since the emancipation 
of the negroes almost amounts to alyandonment. It is commonly attributed in great measure to the 
xavages of the blight already described ; but it is evidently traceable rather to social influences 
and a faulty system of agriculture. Serious attempts are now being made to restore the industry to 
Bom^ of its former importance, so that a sketch of the principal conditions of successful culture 
may be opportunely given. The best soil is an open, dark-brown or reddish loam, 1-2 ft. thick, 
resting on fln* ly disintegrated but undeoomposed volcanic rock. Some of the finest ground exists 
on declivities which can be traversed only by planting the feet at the base of the coffee stems. On 
some hills of this character are now to be found trees 60-70 years old, which have been uprooted 
and have re-established themselves. In the face of this fact, the renovation of the existing 
abandoned plantations should be an easy matter. The trees should be relieved of the mass of bush, 
weeds, and “provisions*’ which now smothers them, and should undergo a judicious pruning, 
extended over three years if necessary. In this climate, shade and shelter are undoubtedly 
beneficial. On old, overgrown plantations, natural shad© may bs left when clearing, taking care to 
select trees of small foliage for the purpose. When laying out new estates, greater choice will be 
possible. 

In many instances, cocoa has been planted amongst* the coffee, probably with a view of getting 
crops of both from the same ground. It is quite possible to grow them profitably on the same field ; 
but each must have its own sufficient space, and thus there is no gain ; besides, their habits 
of growth are unsuited to the arrangement. 

For the purpose of shelter, there is, perhaps, nothing better than pois^doux tree, especially on 
inferior soils and in exposed situations ; hedges of it planted as a break- weather are to be found on 
every abandoned estate. The pimento is equally suitable, but is of slower growth. Neither is of 
any value as a shade-giving tree. Of all indigenous plants, the Moricypre (Byrsonina spicata) 
appears to be the roost suitable as a protection against both sun and wind ; it is a small-leaved, 
fast-growing, medium-sized tree, and common everywhere. The distance from tree to tree will 
depend on the variety of coffee grown, and the character of soil and of situation ; but it is indicated 
by the principle of each plant being so far from its neighbour, that when all have grown to their 
fullest size, they do not touch by about 1 ft. Thus the distance may vary from 4 to 8 ft., or even 
more. A very important factor in the sum of influences which have brought the culture to its 
present low ©bb is to be found in the greatly diminished moisture of the climate occasioned by the 
wholesale destruction of the forests. This is especially the case with plantations on steep hill- 
sides ; and it remains to be seen what art can do to combat the difficulty. 

Cuba.— In 1847, there were over 2000 coffee estates, yielding nearly 50 million lb. annually; 
in 1851, sugar and tobacco hafl so far replaced coffee that the production fell to 13 million lb. ; 
and now Cuba imports coffee from Porto Kico. 

Dominica.— From an annual production of over 2 million lb., Dominica has fallen to nil. The 
effects of the negro emancipation and the coffee blight were, perhaps, felt more severely here than 
in the other islands. The export tariff is 13|d. a cwt. 

'Grenada. — At one time, Grenada coffee was one of the only three brands known in the London 
markets ; cocoa has now taken its place. 

Guadaloupe.— A century ago, this French colony exported 7J million lb. of coffee; in 1874, 
the exports were 625,200 lb. It nearly all goes to FranOe as of Martinique growth. In 1873, there 
were 8588 hectares under coffee, yielding about 1000 lb. a hectare (= nearly etcres). 

Hayti.— Hayti has fallen from a production of 80 million lb. in 1789, to 54^ million in 1874, 
chiefly owing to disastrous hurricanes. The exports iff 1878 were, to Italy, 88,000 lb. ; Spain, 
17,000; West Indies, 11,000; Franco, 8000 ; United States, 2000; Great Britain, 1400. 

Jamaica,— This hilly island used to produce large crops of fine quality. The avemge annual 
shipment in 1805-7 was 28| million lb.; this fell to 4 million in 1864 ; but increased to over l^tnillion 
in 1874. The export, in 1875, was 7,136,827 lb.; 1876, 8,707,552; 1877, 0,582,887. An export 
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duty of ds. a time ia levied. Benewed efforts are beii^ .uie^e to exteud the oultlvatioti, and what 
appear to be rather eattra<iragant hopes are being based upon the introduction of Lib^ian oofibe. 
^me plants of this variety, introduced in 1874, were placed in cinchona propagating houses, and then 
distributed to planters at all altitudes ; those put ont at the lower elevations attained the greatest 
snooesa Xn Jamaica, common coffee is cultivated at all heights, from the sea-level up to 5000 ft. 
The superior qualities, however, are only produced at heights ranging above 2000 ft., beneath 
which altitude the quality decreases in value as it approaches the level of the sea. As the 
peasantry, who ore now the largest producers, alnfost exclusively cultivate their coffee below 
2000 ft., the acquisition of a species adapted to the climate of the lowlands is a matter of great 
importance. A gradual diminution in the area of plantat’on coffee is taking place. The soil of the 
Port Boyal Mountains, in which the best coffee is grown, is becoming more impoverished from year 
t6 year, and all the land adjacent to these plantations has been in a great measure exhausted by 
coffee cultivation, so that ther ^ is very little available land in their immediate proximity. These 
fields ore confined to the souttiern slopes of the Blue Mountain range. The northern slopes, except 
near the sea, are covered with dense primeval forest, no attempts at cultivation having been made 
here, though th6se lauds are the moRt valuable in Jamaica for coffee cultivation. It is im- 
' portant, however, to bear in mind that the conditions of humidity differ on the northern and 
on the southern slopes. On the latter side, the destruction of the forest has materially lessened the 
moisture, thus rendering the climate comparatively dry. The area of unoccupied land favourable 
for coffee, including forest on the eastern prolongation of the southern slopes, may be roughly 
estimated at 60,000-80,000 acres, nearly all of which belongs to government. The total area in the 
island now under coffee cultivation, much at unsuitable elevations, is 22,000 acres. 

Martinique. — Hero also coffee culture is declining, in spite of now lands being’taken up. TIio 
* acreage probably amounts to about 1400, the yield being reckoned at 600-1000 lb. a hectare 
(2J acres) ; the total production in 1873 was 210,000 kilo. ; it is mostly consumed in the island, 
France taking the little that is exported. 

Porto Rico. — Coffee cultivation might be extended hero on now unproductive land. Considerable 
quantities are grown in the province of Ponce, and minor quuntitios in Mayaguoz, Areoibo, and 
Aguadilla. The quality is excellent, and though not well known in England, it is valued in Latin 
Europe. Shade is provided according to the needs of each })lant. The beans are garbled for market, 
and those intended for the Mediterranean are polished in a mill, with the addition of a little 
colouring matter when necessary. The exports in qxtintah(pi 101^ lb.) were, in 1874, 199,488; 
1875, 256,485; 1876, 306,526; 1877, 137,140; 1878, 1.51,204. The destinations of the export of 
1878, were: Spain, 16,771; Italy, 15,406; Franco, 5908; Great Britain and provinces, 5472; 
Germany, 4279; United States, 34; other countries (principally Cuba), 103,334. 

Trinidad. — The coffoo export roaches about 25,000 lb. yearly. There is said to be scarcely 
any part of the island where coffee culture may not bo profitably imdortakeu ; but the dis- 
tricts of Maracas, Aripo, and North Oroponclie are rep irded ns possessing conditions not to 
be surpassed. The export <iuty is lljd. a cwt. Tho island possesses a fine Botanic Garden, in 
which are grown some ten varieties, or sub-varioties, of coffee. Some notes concerning their 
peculiarities may be of interest (,1) Liberian coffee seems to be regarded as a means of re- 
viving coffee culture in the Western Tropics. The plants thrive well in tho ordinary red gravelly 
loam of the northern part of the island. From the nature of its growth, it must be planted widely, 
and topping is recommended at 7 ft. Prestoe advises an interval of 16 ft. between the trees, the 
space to be temporarily occupied by common creole coffee, which would benefit by the shade, and 
afford, a quicker return ; tlio latter are to be removed as soon as tho Liberian plants require room, 
say at the 6th“-7th year. (2) A narrow-leaved coffee received from Java seems well adapted for 
poor, rooky soils. It resists drought, is very prolific, and has a large bean ; but it is slow of develop- 
ment. Its peculiar foliage enables it to withstand heat and drought, and renders it unliable to 
attack from insects and fungi. It should bo planted at G ft. ; its sturdy but stunted growth is said 
to obviate the necessity for topping and pruning. (3) Souffriere coffee has been so named from its 
occurrence on the Souffriljro Hills of Dominica, where the plants remained uniformly fruitful and 
healthy, while surrounded by creole and Mocha trees all affected by blight and drought. Tho 
texture of the foliage makes it proof against insects ; the natural habit of growth is triohotomous ; 
and the bean is large. It seams suited for st^p and barren hill-sides, and though less hardy than 
(2), it develops more quickly. (4) The Mocha variety is sub-divided into major and minor ; the 
former attains a height of 7 ft. ; the latter, formerly cultivated in the Maraval, St. AniPs, and 
Laventille valleys, does not exceed 4-5 ft., ^elds a smaller bean, and is less prolific. The northern 
hills and valleys of Trinidad might grow both sub-varieties, major in tlie low ground, and minor on 
the hills. Prestoe says that as a rule they would become most prolific under full exposure (pre- 
sumably to the sun), after being established by the shade afforded by such crops as pigeon-peas, &c. 
Evea such a scorching as to cause a partial shedding of the leaves lie considers beneficial. (5) 
Bengal coffee differs from tho others, in a very compact growth, small and long bean, and a** 
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preference for dense shade* Its peculiarly-shaped beau places it among seopud-dass coffees as 
regards market price ; but it is recommended for planting with cocoa, whei» this system of douhle 
popping is practised. 

* Bibliography. B. A. Chevalier, *Du Oaf^* (Paris; 1862); W. O. Molvor, Laborie’s ‘Coffee- 
planter of St. Domingo * (Madras ; 1863) ; A. E. W. Lasoelles, ‘ Nature and Cultivation of Coffee* 
(London: 1865); 0. E. A. Le Comte, ‘Culture et Production du Cafe dans les Colonies* (Paris: 
1865); W. H. Middleton, ‘Manual of Coffee-planting* (Natal; 1866); W. Sabonadifere, ‘Coffee- 
planter of Ceylon’ (London: 1870); E.H. Elliott, ‘Planter in Mysore* (London; 1871); Moreii^ 

‘ Breves Consideraooes sobre a Historia e Culture do Cafeiro ’ (Eio de Janeiro : 1873) ; P. HL P. B. 
d’Orli, ‘ Culture dh Cafe,’ &c. (Paris : 1874); H. E. Stainbank, ‘ Coffee in Natal * (London ; 1874): 
H. Prestas, ‘Eeport on Coffee in Dominica (Trinidad: 1875); A. Kiant, ‘Le Caf6,’ &o. (Paris ; 
1875); W. P. Hiern, ‘ African Species of Ooffea ’ (Jour, Lin. Soo. ; 1876) ; E. Hanson, * Culture and 
Commerce of Coffee * (London : 1877) ; E. C. P. Hull, ‘ Coffee-planting in S. India and Ceylon 
(London ; 1877); P. L. Simmonds, ‘ Tropical Agriculture * (London : 1877) ; L. Bice, ‘ Mysore and 
Coorg * (Bangalore : 1877-8) ; G. Pennetier, ‘ Le Cafe ’ (Paris : 1878) ; E. B. Tytler, ‘ Prospects of 
Coffee Production ’ (Aberdeen ; 1878) ; T. Christy, ‘ New Commercial Plants * (London ; 1878 — ^); 
G^Anderson, ‘ Coffee Culture in Mysore * (Bangalore : 1879); J. Hughes, ‘Ceylon Coffee Soils and 
Manures * (London : 1879) ; D. Morris, ‘ Handbook of the Coffee-leaf Disease ’ (London : in press) ; 
A. M. and J. Ferguson, * Planting Directory * (Colombo : at intervals) ; Hon. M. Romero, ‘ Oultivo 
del Cafe en la Costa Meridional de Chiapas,* 

(See Beverages— Coffee). 

OONDIMENTS.-See SPICES. 

CORK. (Fb., Liege ; Geb., Kork.) 

The bark of trees consists, inwardly, of a parenchymatous or soft cellular tissue, and, outwardly, 
of a harder woody tubular tissue, the latter being generally the more abundant. If the growth of 
the parenchyma be prolonged and rapid, it will assume a more or less cork-like character, as in the 
case of some of the elms, the common oak, and many other trees. This peculiarity is developed to 
an exceptional degree in one species of oak, which has boon named, from this circumstance, Quercus 
sitfjer ; it is the bark of this tree which constitutes tho cork of commerce. 

The tree is an evergreen, growing to a height of about 30 ft. ; its acorns are edible, and resemble 
chestnuts in tuste. It does not requiro*arich soil, but seems, on tho contrary, to thrive best on poor 
and uncultivated ground. It. is indigenous to tho basin of the Mediterranean, and was introduced 
*8ome years a^o into the most temperate of the United States of America, for acclimatization. Tlie 
principal cork-producing countries are ; — 

Portugal, especially tho province of Alentejo. This cork is inferior to the French, butkui)erior 
to tlie Italian, and is mostly shipped from Lisbon. 

Spain, particularly Catalonia and Valencia. 

Italy (Tuscany). A lighter and whiter variety tlian the Sardinian, and considered the second 
best imported to this country, 

Sardinia produces a kind easily distinguished by its colour and weight, being pinkish-hued and 
heavier than the Tuscan or African sorts ; said to be the best imported by us. In 1861, it was 
leportod that the cork forests of Sardinia and Corsica had been in a great measure destroyed by 
improper working. 

France, most abundantly in Languedoc, Provence, tho environs of Bordeaux, and the Depart- 
ment of Var. 

Africa, wliose product is reckoned inferior to Tuscan. In Morocco, there are several cork forests, 
notably at El Araish. Algeria seems to be peculiarly favourable to 4he development of the cx)rk 
oak, the climate having a uniformly high temperature, with profuse nightly dews, while the dry, 
warm, open hill sides are covered with a sufficiency of light soil. The cork thus becomes finer, 
more elastic, less porous, and more free from earthy particles than in Europe. The tree attains a 
larger growth here. The bark is usually dried in the sun ; but if wotted during that operation, the 
drying is completed by artificial heat. There are over 2J million acres of cork oak forest in this 
province, of which about 300,000 acres are utilized. It is said to be capable of producing as much 
cork as all the rest of the globe, if only the people could be kept to peaceful agricultural pursuits. 

The tree attains to as great size in Britain as in Spain, and might be an object of cultivation in 
some of the warmest parts of these islands ; but there is every probability that the wetness of the 
climate would seriously impede the operations of the cork harvest 

Portuguese acorns were planted, in 1859, in Wayne County, Mississippi, and all grew; the 
largest tree, eleven years later, measured 13 ft. in height. The trunk had attained a diameter of 
11 in., and tho cork bark was more than 1 in. thick. In 1872, the planting of cork trees was 
exUmded to Southern California. 
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From a oorros^ndenoe which has taken place between tho director of Kew Gardens and the 
Crown agents for the Colonies, on the subject of a supply of cork oak acorns to the Cape, it ap|>ear8 
that the experience of sending them out to the Punjab proved that they lost their vitality very 
rapidly, and it became necessary to rely eventually upon a supply of young plants raised at Kew« 
and sent out in Wardian cases. Numerous cork oaks, however, already exist in the neighbourhood 
of Cape Town, and bear acorns freely, and it is believed that if these were systematically ooUeoted 
and sowU, an adequate supply of young seedlings would very soon be procured. 

In the humid district of Western Port, Australia, hnported cork oaks grew 4 ft. in ono year. 
Two other species of Quercua are found in Australia, viz, Q. pseudo-anber^ and Q. pccidentalis : the 
, bark of the former is iuferior for cork ; but the latter, which is hardier than Q, suber^ is said, by 
Professor von Mueller, to produce a very good cork bark. ^ 

Among the conditions necessary to su^'cessful corir- culture, climate and soil are foremost in im- 
portance. In the Mediterranean basin, the tree favours altitudes varying from 1600 to 6200 ft, ; 
as regards latitude, it docs not flourish beyond 45^ N. ; while th(i minimum average annual tempe- 
rature must not bo less than 18® (55® F.), The most generally suitable aspect is southerly. Slopes 
are always preferable to flat lands, as affording a i^ore free circulation of air and admission of light. 
Considerable caro should be shown in the selection of the soil. It is said that the tree in a wild > 
state is found only on the older geological formations, as granite or clay-slate ; and the experience 
of cultivators is that the best cork, and the most rapid growth, are produced on granitic, siliceous, 
and slaty (Silurian) soils, while the tree almost refuses to grow on calcai-eous soils. It requires 
abundant moisture combined with efficient drainage. 

Planting is usually performed with seed. As a rule, hirgo sweet acorns develop into trees of 
• regular growth and yielding the finest cork; while small and bitter acorns produce trees of a coarse 
and inferior nature. The most approved method of jdnnting appears to be the “ furrow or “ belt 
system, wldch consists in sowing the acorns at 20-40 in. apart in a furrow between two or more 
rows of grape-vines, placed at 5-7 ft. apart. Tlie sowing and planting are conducted simultaneously, 
the vines affording the shelter which is so necessary to the cork tree during Us early growth. The 
young cork trees are thinned out as required, so as to affor<l abundance of air and light to each. 

Flinch siviculturists recommend an average of 110-120 trees a hectare (about 2| acres), and 
calculate the production of cork at about 8 kilo, (say 1 8 lb.) a Iroo. The trees should be barked 
according as they arrive at maturity for the operation, rather than at fixed intervals independently 
of their condition. It is highly important to keep the forests cleared of the naturally-shed virgin 
cork, on account of the chances it oftera of creating a conflagration. 

The distinguishing feature of tlie cork oak is that parenchyma forms the mass of the birk. In 
the earliest stages of its growth, it is much less elastic tlian it ultimately becomes, owing to it-s con- 
taining, in the first instance, a large proportion of woody matter. The outer casing of tho bark is 
formed during the first year’s growth, and does not subseqnenlly iDcrea.se ; but the parenchyma con- 
tinues to grow, as long as tho tree is alive. In con.sequonco of this phenomenon, the pressure of the 
growing parenchyma beneath forces the outer shell to split and peel oft' in flake*s. The substance 
thus shed Under natural conditions is known as “virgin cork’ ; it is very coarse and of woody 
texture, its applications being, for tljrse reasons, very limited. But the forcible removal of the cork 
bark, when performed in a judicious manner, is fortunately unattended with any evil consequence 
to the tree ; on the contrary, the operation soems to hasten and assist tho growtli of the bark, 
improving its quality, at the same time that the tree waxes more vigorous, and attains greater 
longevity, trees which are regularly barked living to 150 years and upwards. 

The age at which the first stripping may be attempted varies, with the locality, from fifteen to 
thirty years, the former being the most general. The yield much resembles the naturally-shed 
virgin cork, and is commonly included under the same term. Subsequently the barking is repeated 
at regular intervals of eight or ten years, the quality improving on each occasion. The second crop 
is, also, still too coarse for any but inferior uses. The cork harvest, as it may be called, takes place 
in the months of July and August, yben the second sap flows plentifully. It is conducted in the 
following manner. An incision through the cork bark is first 
carried round the tree near the ground ; then a similar cut, parallel 
to the first, is made just under the first branches ; these are 
united by others of equal depth drawn longitudinally, and dividing 
the bark' into broad planks* The instrument employed in tho 
barking operations is a sort of axe, Fig. 508, the handle of which 
is flattened into a wedge-like shape at the ex^emity ; in short, it is 
,not unlike the axe used in this country for barking the common oak. After cutting, each plank 
is loosened from the tree by tapping it smartly, and, when thus isolated, its dislodgment is 
effected by inserting beneath it the wedge-shaped handle of the axo used in making the incisions. 
Occasionally the planks, after being out out, are left to shed themselves, by the natural process 
resulting h*om the growth of the living bark beneath. The greatest care must be taken that the 
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itidsions do not penetrate to the innet bark, or the life of the tree would be destroyed. The 
thickness of the cork layer thus removed is seldom less than j in. nor more than 8 in. According 
to the 23rd article of the laws regulating cork culture in France, the minimum thickness at 
which the bark may bo removed is O’ 023 metre (say 0*9 in.) ; on the other hand, no good esan 
be gained by allowing it to exceed the ordinary thickness, as the extra amount would only cut to 
waste. 

The freslily out cork planks, or “ tables,” as they are called, have a natural transverse curve, 
corresponding with the shape of the tree from which they have been peeled. In order to flatten 
them, they are either heaped one upon another (with the concave side downwards) in deep trenches, 
plentifully moistened with water, and pressed beneath huge boulders ; or, simply placed with the 
convex side towards a fire, and kept there till the heat has removed the warp. Previously to this 
operation, the variously sized ** tables ” will have been reduced as nearly as possible to uniform 
dimensions of about 3^ ft. long by ft. wide. The next st(p has for its object the closing of the 
pores of the cork, as non-porosity is the quality which chiefly determines the value of the article. 
The finest kind is compact and firm, without being hard, of even texture or grain, and slightly pink 
in colour. The most common method of filling up, the cavities in crude cork is by placing the tables 
before an open fire, and heating tliem till the surfaces are partially charred or singed, the heating 
being conducted with groat care, and the sides changed constantly. The objection to this process 
is that it causes the secretion of an empyroumatic oil, which is given off, and may be taken up by 
any liquid with which it comes in contact. An attempt was made to avoid this evil by using young 
cork, whose texture was already so close as not to require heating ; but this was attended with 
little success, as the young cork was too thin for ordinary purposes, and could only be used by ^ 
oornenting several layers together. A much better plan, now often followed, is to boil the tubleg, 
scrape the surface, aild then dry them in the sun. The pores are more effectually closed, and the 
sun-dried variety has none of the blackness of that dried by artificial heat. The “tables” are 
tied in bundles for transport to market. 

Cork is not the only product of the cork oak. The inner bark of the treo contains about 12 per 
cent, of tannin, whose properties resemble those of catechu rather than the tannin of mosj^ other 
vegetable matters. It affords scarcely any of the light fawn-coloured deposit called “ bloom,” and 
it is doubted whether it is susceptible of conversion into gallic acid. It is not in favour with 
tanners, principally because it imparts a dark colour to leather on which it is used, end also because 
it yields no bloom. Its tannin is more easily extracted than that present in English oak bark, and, 
when used, it is generally mixed w ith the latter, or with valonea. Marseilles annually imports large 
quantities of it ; in Italy^ it is almosi exclusively used in tanning sole leather ; and, years ago, Ireland 
imported 8000 to 10,000 tons annually. It is only producetl where the trees are most abundant, as 
its collection entails their destruction, (See Tannin.) 

The uses of cork among ourselves are pretty generally known ; but some of its applications where 
it is indigenous seem sufficiently curious. In Spain, beehives, kitchen pails, pillows, and window 
lights are made of it ; in Portugal, it forms the roofing of houses, linings for garden walls, and 
fences for poultry yards ; in Italy, images and crosses are carved out of it, footj)alhs are paved with 
it, and it is sometimes used in the buttresses of village churches ; in Turkey, it forms cabins for the 
cork cutters, and coffins for the dead ; in Morocco, it appears in the form of drinking vessels, 
plates, tubs, and house conduits ; and in Algeria, shoes and wearing apparel, saddles and horse- 
shoes, armour and boats, landmarks and fortifications, furniture, stable- racks, and doorsteps, all^*" 
consume their share. In England, its greatest and most important application is the manufacture 
of stoppers for bottles and other vessels, which are always known as “ corks.” Until recently, those 
corks were all cut from the tables ” by hand, and, though several machines have been invented for 
the purpose, many arc still manufactured by manual labour. The workman sits at a bench, which 
has a ledge round it, to prevent the corks falling off. The knife (Fig. 509), which has a very thin 
and sharp blade about 6 in. long, tapering, and with a trun- 
cated end, is either placed edge uppermost in a notch on thof 
bench, or is held in the hand. By a few dexterous circular 
outs, the cork is turned out of the table, the size corresponding 
with the thickness of the latter. Wine-corks, &c. are cut 
across the grain ; bungs are cut with it. The Duchy of Olden- 
burg, in Germany, employs probably more hands in the cork cutting industry than any other 
country in the world, the yearly product amounting far into millions. The work is performed at 
home by the whole family, after, the fashion of the «tenement-hou8e cigar makers. Prices vary, 
but 68. per diem is reckoned good wages ; for the family to earn this sum, they must be skilled 
hands, and work hard for twelve hours. The spongy nature of cork necessitates that the edge of 
any instrument used to out it should be brought into contact with it by a very drawing stroke, 
and the edge becomes dulled so quickly that it needs rubbing on a very fine-grained stone after 
every few strokes. 
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The chief obetaolee in the way of employing maohiipr> for cork^outting oie the rapidity with 
which the edge of the cutter becomes dull, and the necessity for providing the means of adjusting 
the cutter so gs to eoonomiize the oork» by making slight deviations from the cylindrical f6rm where 
such arc leudeied desirable by the shape of the crude block, in order to entail the least possible 
waste, ^ 

The oork-cuttiug machine shown in Fig. 510 requires only one attendant, who works By hand, 
and releases the finished cork by a tout lever. It will out oor^ or bungs either paiallel or tapered, 
being provided with a second • 

motion for taking off a second 5io. 

out when required, and a 
stop pin for gauging the 
thickness of the oat and the 
diameter of the cork at once. 

It will make corks and bungs 
from i in. to 4 in. diainotor, 
and from i in. to 3 in. long. 

Tlio chucks are thirty-one 
in number, varying from i in. 
to 3^ in. diameter, the larger 
ones made of gun-motal, and 
the smaller of best wrought 
iron. The manipulation of 
the machine is easily learnt, 
lind ftbm 30 to 40 gross of 
corks can be turned out j[)er 
day of tun hours. 

At the Vicuna Exhibition, E. Boethius, of Stockholm, showed an interesting set of cork-cutting 
machines, capable of being regulated to accommodate the cork, should it be too linrrow or too faulty 
U) yield a porfeclly cylindrical cork. For cutting cork floats and other coarse woik, hand-saws have 
been found to answer well, requiring less sharpening than knives. In those machines, however, 
knives ore entirely employed, being kept sharpened by solid ornery discs, revolving at high speed, 
arranged to maintain a razor-like edge on every blade. The work is divided into stages, a bottle- 
oork passing through four separate machines. 

The first operation consists in cutting the tables*' into strips of adjusted width, according to 
the desired length of the manufactured cork ; tln^nco the strip is passed to a second machine, which 
trims down the thickness to correspond with the length. Those aro attended by a boy, and the 
cutters employed resemble tootliless circular saws, kept as sharp as |)os8ible. Each of these machines 
provides material fur five maclu’nes devoted to the third stage of the operation, by which the long 
strips are passed between a series of similar revolving cutters, and nre delivered as corks in regard 
to their length, but square instead of round. The action here is self-regulated, and faults can be 
avoided as easily as by hand cutting. The fourth machine turns the square corks into cylindrical 
ones. Tlie squares are put into a feeding hopper; two spindles approach in line, grip eirch cork 
, between them, and turn it round against the edge of a stationary knife, by which the cork is per- 
'ftKJted. The great point in these machines is the application of the emery wheel ; and in all the 
stages, women and children can bo employed as uttendauts. • About 8-10 per cent, of the corks 
need a'little hand trimming afterwards. 

The following is an estimate of the cost of a factory with five cylindrical cutting-machines with 
accessories, to turn out about 20 million corks annually : — 


Plant. 

£ i. d 

1 Strip-cutting maebiuo, say 112 0 0 

1 Trimming „ 112 0 0 

5 Block-cutting „ at 90/. 450 0 0 

5 Cylinder-cutting „ at 337/. 10s 1087 0 0 

1 Whetting „ .. 50 0 0 

1 Polishing 28 0 0 

1 Sorting „ .. M 84 0 0 

1 Steam engine and boiler (four horse-power) .500 0 0 

Plant for hand-cut ling, sorting, &c 837 0 0 



£.3806 0 0 



72G COEK. 

Working Expenses. ^ ^ 

‘ Intereftt on capital at 16 pet cent. .. .. *• •* ^ ^ 

Fuel, 670 tons coal dust at 3s. say .. .. .. 122 0 0 

Oil for machinery, &c 89 0 0 

Kjiives, 20 circular at 11 s. 3d. £11 6 0 

„ 60 direct at 4s. 6d. ‘ 13 10 0 

„ 144 hand at Is. IH 8 2 0 

83 0 0 

Whetting, 3 lb. emery at 18s 2 14 0 

„ 60 lb. tallow at Is. l^d. 3 7 6 

„ Wax 0 4 6 

6 0 0 

Labour. 

Engineer.. .* 84 0 0 

Foreman 84 0 0 

Cutting cork into strips, 20 million at about id. per 1000 67 0 0 

^ Dressing ditto at \d. per 1000 38 0 0 

Cutting into blocks, 13 million beer corks at Ifd. per 1000 .. .. 132 0 0 

„ „ 3 million wine corks at l^d. „ .... 88 0 0 

Cylindrically cutting 13 million beer corks at l^d. „ .... 161 0 0 

„ „ 3 million wine corks at Ifd. „ .... 44 0 0 

Sharpening knives for cylindrical machines 38 0 0 

Trimming 1,040,000 bec^r corks at Is. lid. per 1000 68 0 0 

„ 240,000 wine „ 2s. 3d. „ 30 0 0 

Hand cutting 3,750,000 beer corks at 2s. 3d.‘ „ 422 0 0 

„ „ 250,000 wino „ 4s. 6d. „ 64 0 0 

Repairs .. .. .. 46 0 0 

Contingencies 22 0 0 


£2064 0 0 


The cost for hand cutting is stated thus : — 

Interest on CAxpital required to furnish plant for a hand-cutting. £ s. d 

factory with 75 workmen, say 450/. at Itf per cent 72 0 0 

Fuel for warming 40 0 0 

Knives, 60 dozen at 13s. 6d., say 40 0 0 

Tallow ? 2 0 0 

Wages : three cutting strips at 67/. per annum, say 200 0 0 

„ cutting 16,750,000 beer corks at 2s. 3(/. per 1000 .. . 1884 0 0 

„ „ 3,250,000 wino corks at 4s. 6d. „ ... 730 0 0 

Contingencies 64 0 0 


£3032 0 0 


Perhaps the best cojk-cutting machinery yet introduced is that devised by M. Powis Bale and 
Co., Saw*mill Engineers, 20, Budge Row, London, who have kindly furnished the following in- 
formation and figures descriptive of their specialities. Figs. 511 and 512 represent a hand-power 
machine for cutting corks and bungs. The cork is cut into cylinders, by means of a plain steel 
knife, about 18-24 in. long, moving horizontally, and kept constantly sharpened by two small 
revolving emery discs bearing upon the cutting edge. The squares of cork to be rounded are held 
between spring centres, and, as the knife is pushed forw^ards, they receive a rotary motion by means 
of a lever and belt. One cork is rounded at each stroke of the knife, and is released from the 
spring cenlro by the elbow of the operator. The knife is fitted on an adjustable slide, to suit the 
various sizes of corks, so that a minimum of waste is produced. Suitable chucks are provided for 
cutting corks and bungs of various sizes up to 3 in. diameter. In working the machine, the follow- 
ing points should be attended to ; — To give greater pow^r to the spring B, which stretches the strap 
0, the lover is raised from E to F by the chain fixed at the end of the strap ; to diminish the power 
of R, the operation is reversed. Tiie rack K is advanced or drawn back, according to the size of 
the cork squares. The knife must be well adjusted to the squares, and the emery wheels must bear 
evenly on the cutting edge. The emery wheels are set in or out by loosening the screws under the 
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bfaoket To mtikQ tapered corks, the screw on the bracket B is loosened, and the setscrews 1 
and 2 are tnrned fifom right to left, in order to«ant the bracket carrying the knife to the required 
angle ; the screw of the bracket is again tightened up, after ascertaining that the bracket rests 
securely on the set^sorewa To vary the si*e of cylindrical corks, the set-screws are raised or 
lowered. The complete machine costs only sixteen guineas ; by it, a lad can turn out 50-70 gross 
a day. It is said to be already in exteninve use. 

An equally ingenious machine made by iho same firm is one for cutting cork into sheets, tbr 
lining helmets, hats, soles, &o., for which purpose *they are sometimes required to be as thin as 
paper. The apparatus which performs this very delicate operation consists of^a circular revolving 
steel knife, ground sharp at its 
periphery; the cork, hpving 
first' been cnt to the desired 
shape, is filed in a movable 
chuok*plate, arranged to re- 
volve by hand, and fitted with 
an extremely delicate feed- 
motion, for bringing the, cork 
to the knife, or vioe versa. 

Figs. 513 and 514 represent 
respectively a side elevation 
and an end view of a machine 
made by M. Powis Bale and 
Co.^, for the disintegration of 
cork waste. The main body of 
the mill is made of cast iron, 
and is divided into halves. In 
the centre of the mill is a cast- 
steel disc, serrated at its peri- 
phery after the manner of a 
file, aitd mounted on a steel 
spindle, which revolves in suit-* 
able bearings of phosphor-bronze. The interior of the mill, in which the serrated disc revolves, is 
fitted with a cast-steel periphery, and the slightest possible clearance is given to the revolving 
disc. The waste cork to be disintegrated is placed in a hopper, and forced in a solid mass 
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through a'narrow opening, and against the revolving disc, which operates upon it with the action 
of a file. When the powder attains the required degree of fineness, it is allowed to pass through 
adjustable screens or sieves, placed either in the bottom periphery, or in the sides of the mill. 
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Tiie i*eftirenoes in^licato top half of mill ; B, bottom hi^ ; Of flntod jroUdi'S Ibf fieediDg in tlio 
coric waste, worked either by hand or by steam; D, driving pulley ; E, pulley used when feeding 
by steam ; F, hand wheel for feeding by hand ; G, feeding hopper. The maehine is said to dis- 
integrate about 10 tons of cork before the file-plate needs sharpening, whioh operation is performed 
by a bevelled revolving emery wheel. 

Further remarks on the disinte^tion of cork for the purpose of floor-cloth manufiaoture will be 
found under Floor-cloth. 

The principal application of cork is for stoppering bottles, after being turned by the machinery 
just described ; but it is also largely consumed in making life-boats and belts in thin sections, for 
shoe-soles and hat-linings ; for models and artificial limbs ; and it is burnt to produce Bpauish black, 
In France, it has been successfully applied as an insulator for boilers, tubes, &c„ and for preserving 
the metal. Cork dust may be used in the toilette, as a substitute for rice and wodd powders. Horse- 
collars stuffed with cork have been proved very superior, the substance being light, elastic, and a 
non- conductor of heat. “ Virgin ” cork is now largely employed in all kinds of rusUc work. The 
produce of the second harvest is much used for making fishing fioats, being too coarse for better 
purposes. The waste from cork cutting, which generally amounts to a third, is applied to filling 
cuslvons and horse-collars ; as a stuffing for mattresses, it is the best substance in the world, being 
light and damp-proof, and forming a raft in case of floods or accidents at sea. It forms an admir- 
able lining for ice-houses ; and is largely oonsumod in the manufacture of cork carpets, kamptulioou, 
and linoleum (see Floor-cloth.) In cork factories, it is often utilized as fuel. A novel application 
of waste cork in France is for tlie manufacture of paste-board : the ground oork is thoroughly 
incorporated with j>aper pulp, by means of mixing machines and heavy hullinder presses; the 
water is then expressed, and the material is dried. 

It is certain that the culture and use of cork were familiar to the ancient Greeks and Homans, 
though it was not then so largely employed as a stopper. In this shape, it appears to have been gene- 
rally introduced towards the ond of the sixteenth century, since which time the industry has not 
ceased to grow in importance. Its most important seats are Stm Felice de Guixois, Palafurgell, 
Palajos, Darnius, and Junquora. The province of Gironde produces annually about 12,500 tons of 
cork, and imports an additional 3000 tons, all of which is made into bottle corks, the manufacture 
employing about 8000 persons. In the United States, there are about sixty cork manufa^ries, 
cutting corks to the value of about 450,000^. annually. The largo cork works at Stockholm employs 
five cylindrical cutting-maobines, with their complement of preparatory appliances, consuming 
about 16,000 bales of cork, and turning out about 20 million oorks yearly, with the assistance of 
manual labour to the amount of ton wonien and cliildren ; for dealing with the waste cuttings, an 
additional fifteen j:)er8on8 are employed, and, for sorting the corks, a further thirteen ; but this latter 
number will bo reduced by the introduction of ainacbino for sorting them according to size, leaving 
only the qualities to bo separated by band. The total number of employes is 45, representing the 
work of 150 when cutting by band. 

America, in 1877, was still importing cork bark at the rate of 120, 000^. a year. Franco imported 
75,736 cwt. of crude cork in 1805. Italy consumes most of her production at home; in 1875, the 
exports were about 575 cwt., valued at 663^., and, in 1876, 982 cwt., valued nt 1103?. Portugal is 
the largest exporter; in 1876, the figures reached 14,542 tons of rough cork, value 115,110/., and 
925 tons of manufactured cork, value 32,888/. The imports of cork into the United Kingdom, in 
1878, were as follows : — 

(a) Unmanufactured : 

From Portugal . . 

„ Algeria .. .. 

„ Spain 

„ France .. 

„ other countries 

7,017 £200,867 


Tuns. 

£ 

6,264 

178,344 

862 

10,094 

199 

6,136 

98 

4,106 

99 

2,187 


(b) Manufactured : 

From Franco .. 

„ Portugal 
„ Spain 

„ otlver countries 


Lb. £ 

2,729,149 .. .. 216,465 

2,386.887 .. .. 168,872 

476,910 .. .. 34,620 

48,749 .. .. 3,590 


5,638,645 


£418,047 
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The exports for the same year were 

% 



(a) Unmanufactured: 

Tons. 


It 

To Germany ’ 

.. .. 431 

.. .. 

16, m 

„ Denmark 

.. .. 286 


11,521 

„ Russia 

.. .. 159 


5,479 

„ Sweden 

.. HI 

• • .. 

5,655 

„ Norway 

.. .. 129 

• • # • 

5,812 

„ Australia 

• .. .. 51 

.. .. 

1,952 

„ other countries 

.. .. 102 

'4 

3,476 

(6) Manufactured : 

1,299 

Lb. 


£49,130 

£ 

To Australia 

.. .. 281,408 

*• . . 

19,740 

„ Germany 

.. .. 71,918 

.. 

5,446 

„ Swe«leil .. 

.. .. 46,988 

.. 

3,925 

„ British India 

.. .. 33,677 


2,781 

„ other countries 

.. .. 83,300 

.. 

5,605 • 


617,286 


£37,497 

Tho values of the annual imports for tho four preceding years respectively were ; — 

1874. 

1875. 

1870. 

1877. 

Unmanufactured .. .. £175,758 

£195,109 

£197,515 

£203,541 

Manufactured 390,882 

396,078 

489,639 

491,503 

(See Floor-cloth ; Tannin.) 

COTTOir KANXTFAOTXJKES. (Fa., 

Filature de Cotm ; 

Geb., Ba^mwollenmanufaoiur.'y 


Cotton manufacturing, in its broadest senso, may be defined as the sura of the processes 
necessary to transform cotton — tho seed down of Qossypeum herhnoeumy and kindred plants fseo 
Fibrous Substances — Ootton)-“iuto yarn and cloth. The art is very ancient, having been practised 
in Eastern Countries from time immemoiial. Tu those lands, the methods pursued have undergone 
little change since their first adoption. The marvollous perfection and beauty attained in the 
manufacture of Eastern textiles is tho result of patient and jicrbistent labour, oontlnued through 
numberless generations, and which has led to the development of exquisite skill in the manipula- 
tion of simple instruments. This form of the art is, however, rapidly declining before the 
vigorous competition of the modern system, which in England has sprung up, and been almost 
perfected, during the' last hundred years. Tho excellence of the latter is demonstrated by the fact 
that it has been adopted in almost every country of Europe, and in America, Of late years, it has 
even gained a footing in India, tho original home of tho cotton industry, and there its remarkable 
development has threatened the existence of its x>»‘i»uitive rival. It is to the environments, 
conditions, and processes of sucoossful manufacture by this system — which may most properly bo 
called the English system — that tho reader’s attention will be exclusively directed. 

This object will be most readily attained by selecting for description tho method of manu- 
facturing pursued in Lancashire, because this county is the birth-place of the system, and here it 
has received its highest development. The causes that have contributed to tliis result are 
manifold ; but only those of a permanent character need be briefly noticed. 

In Lancashire, all the conditions requisite for fitting it to become the seat of a prosperous 
manufacture of this particular exotic fibre are hi be found. One of the chief of thebe is a humid 
atmosphere, which the district derives from its geographical position, lying directly in the track of pre- 
vailing westerly winds that come laden with moisture from the sea, tempering the severity of winter, 
moderating the heat of summer, and sppiilying perennial rains. These fall upon a geological 
foruStion composed of impervious rocks and clays, covered with only a thin layer of vegetable 
mould and are here retained, forming a subterranean reservoir, whence there arises a constant and 
great evaporation, that ensures the requisite humidity of the atmosphere — with few, exceptions — 
the year round. The cotton industry is entirely — or very nearly so— located upon the Coal- 
measures, which form the mountainous portions of Lancushiro and the adjacent counties ; and the 
chief towns In which it is carried on are situated upon the hilhsidos, almost within the cloud-track, 
or in the moist valleys under the shadows of the hills. The consequeuoo is that the atroospbero, 
except <|^ring the rare occurrences oNlry east winds or keen frosts, is sufficiently humid to preserve 
the pliability, and even to increase the strength, of the cotton fibre, during all the processes of 
manufacture. This feature contributes greatly to tho success of tl»e liancashire cotton industry. 

Another natural advantage enjoyed by Lancashire, is the hilly character of a groat portion of 
its surface, which favours the formation of numerous streams. Thesfi in early days furnished the 
motive power for turning the jennies, water-frames, and mules, when they had grqwn beyond 
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mantial and animal power* and before the perfection of the steam engine; and though the latter 
generally superseded the earlier motors, abundant water was still essenti^ for condensing purposes. 
As the trade has grown, the streams have been supplemented by canals and reservoirs, by means 
of which large manufacturing towns have been brought into existence in places where they could 
not otherwise have flourished. 

On the adoption of steam as a motive power, the mineral riches of the district further assured 
the localization of the industry, which, even at that early time, gave promise of future afifluence. 
Among the natural facilities of the district, too, must be included ready access to the sea, through 
the port of Liverpool, %nd thereby to the world. Nor would it be just to omit mention of the 
mechanical ingenuity and inventive talent of its operatives, and the readiness with which its 
capitalists encourage likely projects, tending to perfect the mechanism of the industry. 

Technically considered, cotton manufacturing may be divided into two great branches — 
“ spinning ” and “ weaving.’* The former includes all processes from the first handliug of the raw 
material on its arrival in this country, until the product becomes a commercial article In the form 
of “ yarn ’* ; the second embraces every operation necessary to transfoim this into “ cloth." Very 
frequently, both branches are united in one establishment ; but there exists a strong and growing 
tendency to separate them. A proper conception of tho causes undeilying this movement' 
is very important. They will be explained under the headings to which they respectively belong. 

The Raw Mateeial. — A few remarks at this point upon the nomenclature, countries of produc- 
tion, Varieties, characteristics, and mochnnioal structure, of the raw material of the cotton industry, 
willobviato the necessity of much repetition in subsequent stages, and enable the reader to compre- 
hend more readily the different points as they como successively under notice. 

The cottons of conimeroo arc generally distinguished by geographical names, borrowed from the 
countries in which the article is produced. The scientific designations conferred by botanists are 
unknown in the trade. Tlie prevailing system of nomenclature is unsatisfactory, because it gives 
rise to arbitrary distinctions ; but custom and experience have obviated most of the practical 
diflBoulties, and any attempt to effect a change would probably be quite futile. 

The chief contributors to the European suj)ply are, in the order of their importance, as follows 
Tho United States, India, Egyi)t, Brazil, and Peru ; as well as numerous other places of less note. 
Besides the cottons indigenous to most of these countries, nearly all produce different varieties, 
generally grown from seed of the most popular kinds cultivated in the United States. Tho following 
are those usually quoted in the Liverpool Cotton Brokers’ Circular ; to them are appended brief 
descriptions of their important characteristics; — 


Country of 
Growth, 

Variety. 


Roa Islands . . 
Florida ditto 


Upland 

Mobile 

America < 

Texas 


Orleans , . 

i 

Pernams 


„ . . . . 

Brazil 

,, . . 

Oeara Aracati, &o. 
Poraiba 

Santos 

Bahia 

Aracaiju, &c. 
Maceio 


Maranhams.. 


Length of Staple. 


Mux. 

Min. 

Mean. 

in. 

in. . 

in. 

1-80 

1*60 

1-70 

1-85 

1-30 

1-58 

1-20 

I'OO 

i-io 

120 

•90 

105 

1-20 

•90 

105 

1-00 

•70 

. *85 

•95 

•70 

•82 

1*20 

•100 

1-10 

1-50 

1’20 

1-35 

1-40 

1-10 

1-25 

1-30 

•90 

MO 

1-30 

1-00 

1-20 

1-30 

110 

1-20 
.. 0 

1 *30 

1-io 

1-20 

1-30 

1*00 

1-15 

1-80 

•90 

MO 


Moan 

Diameter Dhscbiption. 

of Fibre. 


{ A fine, silky, regular cot- 
ton of several varie- 
ties, American Ixdng 
beat. 

( Soft, and rather short in 
staple ; usually clean* 
and best adapted for 
weft. 

Fii-mer in staple than the 

i above ; but contains more 
leaf, and is less bright in 
appearance. 

( The best and most re- 
gular of all tiie American 
cottons. Some lot| are 
very white, but leafy; 
others of a creamy tone, 
but clean. 


Pernams to Maranhams are 
Brazilian cottons ; and, 
I as a rule, are harsh in 
staple, and give a wiry 
feel to yarns into whose 
composition they enter. 
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Varisty. ^ 

Length of Staple. 

If 
*» ^ 

Max. 

1 Min. 

Mean. 

of Fibre. 

’ Egyptian .. .. 

Gallini .. .. 

„ brown .. 

„ white 

in. 

1-60 

1*50 

in. 

1*40 

1*20 

•** 

in. 

1*50 

1*35 

in. 

vhv 

Smyrna 

Greek,, Ac. .. 

;; 


;; 

■■■ 1 

Fiji : Sea Island 
Tahiti ; „ 

1'90 

1*25 

1*70 

} 

West Indian ..| 

1*60 

1*40 

1*30 

1*80 

1*20 

1*10 

1*45 

1*30 

1*20 

;; { 

Haytion .. .. 

Laguayran 

„ Sea Island 

•* 

•• 

•• 


Peruvian .. 

„ Soft Staple 


•• 

•• 

{ 

„ Sea Island 
African I 

•• 


*' 

" ( 

1 

m 

1*20 

1*20 

oc o 
oo 

1*10 

1*00 

nVx 1 

1 > 1 

Bengal 

1*30 

1*00 

1*15 

1 

Rangoon . . 
Madras . , 

•• 
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Country of 
Growth, 


Egypt 


India 


DEBOBIFTIOy, 


Brown Egyptian is soft 
and 6ilky» whilst the 
white is usually hard 
and harsh. 

Harsh in staple, and cha» 
racterized by its irregu* 
larly twisted fibres. 


[Fair in staple, but cannot 
be relied upon thmugh 
successive seasona for 
uniformity of colour. 


Exotic. 

Hard and soft varieties. 
The soft assimilates with 
Orleans; the hard is best 
mixed with Brazilian. 


of a bright colour. 

The various classes under 
this head are fair working 
cottons ; but the fibre is 
not so uniformly twistec^ 
as in Americans. 


lOw in character ; con- 
tains a large quantity of 
round and flat fibres. 


Cotton is valued according to tho de groo in which it possesses tho special characteristics that 
best adapt it to the use for which it is intended. As its uses are multifarious, the raw material is 
classified in groups according to the probable wants of Uiflercnt consumers. Tho qualities chiefly con- 
sidered in classifying cotton are length of staple, finei^ ess, strength, smoothness, colour, and cleanliness. 
American varieties are classed iu four qualities: good ordinary, low middling, middling, and good 
middling ; South American, three : middling fair, fair, and good fair ; Egyptian, two : fair, and good 
fair ; East Indian, three : fair, good fair, and good. Standard samples of these classes are preserved for 
reference, in cose of dispute, in the offices of the Liverpool Cotton Brokers’ Association ; and it is 
customary amongst brokers to form a set of the classes iu which they deiil, and, aftef careful com- 
parison with tho standards, to preserve them for easy reference wlien required. As, however, the 
crop of each succeeding year ditfers in some important respect from its predecessor, these standard 
samples are subject to considerable modification. According to the relative abundance or scarcity, 
fulness or deficiency, of special characteristics, the different varieties are classed up or down, as the 
cases may require. Thus, withiu a limited range, there is a constant fluctuation of the standard. 
The accompanying diagram (Fig. 515) shows the lengths of the staple in several representative 
varieties: 1: Sea Island, mean length of staple, l*65iii. ; 2: Egyptian, 1*50 in.; 3; Pernambuco, 
l-26in. ; 4: American, 1*10 in.; 5; Port Natal, 110 in.; 6: Indian, 0*90 in.; 7; Indian, 
0 65 in. 

It will bo obvious, from what has already been stated, that considerable skill and discrimination 
''are required in selecting the right qualities of cotton for any required description of yam, os mis- 
takes cannot be rectified after the cotton has entered the first stage of manufacture. 

The mechanical structure of the cotton fibre is such that its perfect development has an 
important bearing upon its quality. As received in this country, mature or ripe cotton fibres, when 
placed under the microscope, preflint the appearance of irregularly twisted ribbons with thick 
rounded edges. The tliickest part is the root end or base — that which was attached to the seed. 
The diameter of the cylinder remains without material change, through probably three-fourths of 
the length, when it tapers off to a point. The accompanying illustrations admit of a comparison of 
the fibres of cotton at different stages of maturity. Fig. 516 exhibits a portion of mature fibre 
magnified ; and Fig. 517, sections of the same. The latter show it to be a collapsed cylinder, tho 
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walla, aa isompored witli the b^fo, being of eonaiderable thickness. Fibres possessing these oharao* 
teiistica are longeat and strongest, and are considered well developed. But amongst the perfeot 
fibre, there is always more or leas of unripe, imperfectly developed, or dead, fibre, according to the 
favourable or unfavourable conditions that have prevailed during the growth of th^ plant. 
The proportion of defective fibre naturally present is always largely increased by the practice, on 
the part of cotton growers, of collecting the immature jiods on tha cotton plant, after the latter 
has been killed by frost, or, from other causes, has 
ceased to grow. These are dried, and their lint 
is stripped from them, and added to tlie bulk. 

TliD appearance presented* by the unripe fibre is 
gr^Uy« different, both longitudinally and in 
sectioli, from that of the mature. In Fig. 518, 
the half-ripe fibre is shown longitudinally ; and 
in Fig, 519, in seotion. The least ripe form in 
which oottou usually appears in commerce is 
depicted in Figs. 520 and 521. Thougli twisted 
almost as inuch as the perfect fibre, this last is 
thin, weak, and brittle: and, owing to the de- 
ficiency of cellulose, of which the walls of the 
mature fibre are composed, it is destitute of the 
corded edges seen in the latter. In sections, it 
appears like crooked bits of line wire, showing 
little or no vestige of having boon a hollow 
cylinder. 

When those defective fibres are found in groat 
nbundanoo, they seriously detract from the work- 
ing quality of the bulk ; and it is an important 
ffiatter, in judging of cotton, to be able to dis- 
tinguish them. This may be acquired by careful 
observation. In relation to these faulty fibres, 
the greatest circumspection needs to bo exercised, 
in the seasons when the plant, with its loud of 
bolls in all stages of growth, has been struck 
down by an early frost, for all the bolls are care- 
fully gathered, and their contents abstracted, and 
mixed with the perfect lint. 

The convolute form of the cotton fibre 
specially adapts it for its manifold uses. If it 
were cylindrical, like the fibres of flax and hemp, 
its shortness would prevent its holding together. 

But from their peculiar form, when twisted in the 
process of spinning, the fibres become firmly 
interlocked, by which means they may bo made 
into a continuous tlircad, of considerable tenacity. 

When the finest varieties of cotton are employed, 
this thread is capable of remarkable attenuation. 

• Lint gathered from the uno[)<jned or unripe pod, 
does not siiow those twistings in the fibre ; hence 
it is incapable, when si)un into yarn, of affording 
the same cohesive power, and produces defects 
wherever it occurs. The convolutions in the dif- 
ferent varieties of American cottons are more 
reguhir, uniform, aud numerous than in those of 
other descriptions, and fully account for their 
acknowledged 8ui)oriority. The naked eye is in- 
capable of distinguishing these twists; but the 
microscope shows them to amount to from one to throe hundred an inch, and close examination 
would probably show even a wider range than this. • 

Many theories have been broatdied, and much ingenuity expended, in the attempt to explain 
the nature of this peculiarity of the cotton-fibre — the manner in >vhich it is twisted upon its own 
axis. This point cannot ho dilated ujjon here ; but it may ho permitted to put forward voxy brieffy 
what appears to bo a siinplo and natural explanation of the fact It is known that fibres taken 
from unripe aud unopened pods are invariably untwisted cylinders, tapering to a point at their 
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©xtfemity, which is oIoschI. They have tlioir root io, fthd receive all, their ntitritioii from, the seed. 
Whilst in a growing etato, the fluids of the plant circulate fireely iherein, conveying to every part 
the necessary amount of nutritive matter. Wlmn maturity is attained, this operatitm ceases : the 
juices are probably absorbed by the seetl, and as they retire from the fibres, a vacuum is formed, 
first near the extremity, and Bubsequently along the length of each fibre, to its base at the junction 
with the seed. The pressure of the attnosphore, acting upon this vacuum where it is first formed, 
causes the tube to collapse and twist, from its apex downwards to its base. The seeds of each pod, 
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ripening simultaneously, sot up a commotion in the interior of the latter, by the general collapse of 
their fibres ; and the consoquont re-arrungemont of these, in relation to each other, causes the |)od to 
burst, when the desiccating action of the sun’s rays expedites and completes the process. A further 
elucidation of this theory shows that it satisfactorily explains the whole phenomenon ; and tliough 
perhaps of ho great practical utility, it is not without interest, as it appears to have engaged the 
attention, and to have baffled tlie penetration, of previous writers bn the subject. 

Mechanical Treatment of Cotton. — As a preliminary to a detailed description of the pro- 
cesses and machinery used in the various stages of the treatment of cotton, for the proiilction of 
yam, and afterwards of textiles, the subject will bo rendered more easily intelligible by drawing 
up a scheme representative of the general procedure ; this will also afford an opjiortunity of 
defining the principal technical terms used, and will remove any confusion arising from their 
bccftsional employment in wide, restricted, or otherwise varying senses. 

CoMm This term, as previously indicated, is employed to describe in the aggregate 

all the operations involved in transforming raw cotton into yam : that is, into a single twisted 
strand, or thread composed of cotton fibre. The word “spinning” has also a more limited 
signification, being used to denote, as will subsequently be seen, the concluding process of the 
series. 

The manipulation, mechanicaPand otherwise, that cotton undergoes in being converted into 
yam, from the state in which it is gathered from the plant, may be outlined as follows : — 

1. “ Ginning.” — This is usually performed in the vicinity of the cotton plantation ; the object 
being to remove the fibre from the seed of the plant, and partially, to cleanse it from foreign 
matters. 

2. ** Packing” or “ Baling.” — After ginning, the lint is in a loose state, and unfit for csonvenient 
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tranaport to distant markets: hence it is necessary to compress it into less space, which is ordinarily 
performed by means of hydraulic presses. The package leaves the press in the well-known form 
technically called a bale,” in which state it ‘passes through the markets into the hands of the 
spinners. 

8. “Mixing.”— Is the blending of different varieties of raw cotton, in order to secure 
economical production, uniform quality and colour, and an even thread, in any desired degree. 
Mixing is, in a measure, imperatively necessary, in order to neutralize the irregularities of 
growth, and imperfect classification, found more or less in all cottons. It is the first operation 
in a cotton mill. 

4. “ Willowing.” — This is a process of opening and cleaning cotton, which, except in the Oldham 
district, is not much used iu modern mills, and is retained chiefly for opening and cleansing low 
cottons, waste, &c. 

5. “ Opening ” — In consequence of the heavy pressure to which cotton is subjected in packingi 
the fibres become strongly matted together ; the opening process is to loosen them, and to remove 
a portion of the foreign substances present. It is the present equivalent of willowing. 

0. “Scutching.” — Has a twofold object: viz. the further extraction of impurities, and the 
formation pf a “ lap,” which is a web or sheet bf cotton formed in the machine, and wound upon a 
small roller. In this web,'the fibres lie in all directions. 

7. “ Carding.” — The foregoing processes have dealt with the cotton in bulk. In carding, the 
operation of opening is continued; but the material is treated in its individual fibres, which are 
taken from the lap, further cleansed, and laid in a position approximately parallel to each other,’ 
forming a thin film, which is afterwards condensed into a “ sliver ’ — a round, soft, and untwisted 
strand of cotton. 

8. “ Conibing.”~-Is used for the production of fine yarns, or those of very high quality. Its 
object is to obtain uniformity in the length of the fibres undergoing preparation ; to accomplish 
this, all those shorter than the required standard are combed away, and rejected. 

9. “ Drawing.’ In this operation, several slivers, the product of the carding process, are 
^•.ombined, and attenuated to the dimensions of one of the component parts; the objects, are to 
render the new sliver more uniform in thickness, and to place the fibres more perfectly in parallel 
order. 

10. “ Slabbing.” — Is a process by which a further combination of the slivers is effected, and the 
objects of drawing are more perfectly accomplished. The drawing or attenuation of the strand is 
now carried so far that it becomes necessary to twist it slightly, in order to preserve its cohesion 
and rounded form. 

11. “Intermediate” or “Second Slubbing,”— Is in all respects a repetition of the above; 
necessary iu oases where the most oven and clean yarn is required. It is not ordinarily used in the 
production of low numbers. 

12. “ Koving.”— This is a continuation of the preceding, its principal object being to still 
further attenuate the sliver. At tin's point, also, the latter receives additional twist, to enable it to 
bear the slight strain necessary to draw it from the “spool ” without the formation of uneven 

13. “ Spinning.”--The concluding process of the series. The sliver is here attenuated to the 
required fineness, and is given tlio twist by which the thread is completely fomiod. 

H. “ Doubling.”— In this scries, may be included the process of doubling, it being much more 
akin hereto than to manufacturing. It is a largo and increasing business, often carried on in 
conjuneliou with spinning, l)ut frequently found quite apart. It is a method of combining two or 
• more threads to form a single cord ; and is adopted in the production of many varieties of yam 
which are used for widely different purposes. ^ * 

Tlie above processes, and the machinery necessary tliereto, will be described in the order given 
excepting, however, the first two, which will bo dealt with in treating of the production of the 
•raw material (boo Fibrous Substances). Iu performing this task, it is not intended to allnde to 
obsolete methods and macliines, unless such reference will tend to elucidate the principles on 
which the modern system is based. Even with this limitation, it will not be possible to make a 
general reader acquainted with every variety of machine that has met with, and still retains a 
certain amount of favour, * 

The Cotton Mill.— Tho considerations that influence the selection of a locaUty in which to erect 
a cotton mill are chiefly the following Firstly, proximity to an abundant store of cheap and good 
fuel : secondly, an unfailing supply of water, or means of preserving it ; thirdly, easy and cheap 
moans of access to the market, by road, water, or rail ; and, fourthly, an area within which an 
expononc^ class of operatives can be obtained. There are several other minor points, but they 
need not be detailed, As many as possible of these conditions should be found in the locality 
selected, as all are highly important, and greatly conducive to success. The choice of site shoidd be 
carefully oonsidorod. A valley, protected from dry winds, and open to motstones, is of great advan- 
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The subsoil should be of stiff, impervious clay, such as will retain the moisture in a subter- 
raaean reservoir^ the evaporation from which will be oonikantly moistening and softening the 
atmosphere — ^advantages t^t have been previously explained. 

622 , 



The fittest materials for the structure will be dictated by the circumstances of the locality ; but 
in the presence of the conditions prescribed above, brick will generally be found most suitable and 
economical. Should it be requisite to provide a reservoir for water, any clay excavated for this 
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pQlfpoBe, as well as from the foundation trenches, can be utilized for the manufacture of briislm. 
The methods of construction are various. The one formerly common — and, perhaps, even now 
cheapest in first cost— was a combination of brick or stone with timber. Another is the so-called 
“half fireproof” plan, in which that portion most liable to destruction by fire — until recently, 
considered to be that in which the preparatory machinery 
is worked — is constructed as far as possible without timber. 

But of late years, owing to the high speeds attained, the mmmmmmmMsmatmmmmaBmsmmrnmM 

danger has extended to the mule-room. This experience has 

given rise to the most modern, and now generally approved; 

system, in which the 'whole structure is fireproof. There 

are several ways of attaining this end. 

The mill shown in Figs. 522, 523, and 524, from drawings 
kindly furnished, by A. H. Btott and Sons, mill architects, II II i 

of Manchester and Oldham, is^thoroughly representative of lll ft ^ IL Ilk S 

recent constructions, such as prevail iu the great spinning 
districts of South Lancashire. The dimensions of the main 
portiott of the structure woi^ld be about 295 ft. by 125 
accommodating 75,000 spindles, and the usual complement Mhf 
of machinery in connection. The foundations are of coarse 

rubble, on 1 ft. of mortar concrete. Tlioso on which the ^ 

columns immediately rest are of flag-stones. The walls are 
composed externally of pressed brick, and internally of 
common brick. The window-sashes are of wood, glazed in 
the lower part with rough plate, and in the upper with clear 
glass. The floors are supported upon cast-iron columns, in 
which brackets or arms arc cast. To these are secured rolled 
iron beams, the object being to got two arches in place of 
one. Each pillar bracket is connected with the next by an 
arch beam, to form a complete continuation between the 
pillars and the direction of the bracket. The brick arches are 
7 iu. thick at the base, diminishing to ^ iu. at the crowu ; 
they ait) turned between the beams. Timber joists, 24 in. 
deep, are then laid across the beams, and the space is after- 
wards filled up with concrete, composed of lime and furnace 
ashes. When tliis is thoroughly dry, the floors are laid -'Jfi 

with 14*in. deal boards, nailed to the joists. Boarding is i|[i gv i iw i h . l a 1 I h i 

now generally preferred for all room floors, except the blow. 
ing-room. The floor of tlie cellar is eomiwsed of bricks, laid 
on puddled clay, with passages formed of cement concrete, 

or flag-stones. TJie roof of the mill is, in the first place, ^ -^1 

constructed iu the same manner as the floor ; but the concrete *§ J 

is laid level, and then covered with two coats of asphalt, each ^ 

in. thick. Those are turned up the wall, 18 iu. all round, 
and protected from the weather by a dwarf brick wall, built 
inside on the asphalt. Construct ed thus, the roof forms a 
reservoir, containing 6-12 in. of water. The object of this 
is to render it thoroughly fireproof. Iu some oases, 12-18 in. 
of water is preserved, and arraugements are made for utilizing 
it at a moment’s notice in the event of fire. When this plan 
is adopted, conduit pipes are laid to, and around, the interior 
of each room, and provided with the iiecossary taps. The 
staircase is composed of stono, with cast-iron risers. 

The roof of the engine-house is fireproof, and supported 
on large rolled-iron girders ,* that of the boiler-houso is of 
onliuary construction, provided with ventilators. The 
chimney rises to a height of 210 ft. ; its diameter at the 

bottom is 17 ft. externally, and 8 ft. internally; at the | 

summit, it is 9 ft. 10 in. externally, and 7 ft. 6 in. in««i ll 

ternally. " ' 

The arrangement of the miU is aa followa :-The ground door contains the blowing-room, 
oardmg-toom, warehouse, offices, and entrance lodge. Over the oarding-rexan, are three spinning- 
rooms, of equal dimensions. Above the blowing-rown and warehouse, are sHnated the mizhig-ioou 
for cotton, and store-rooms for sundries. Partially over the mixing-room is the batetreow, provided 
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witb a door opening on the end of the mill, and fitted with a jself-aoting hoist. Level with the hale- 
iroom is the reeling-room, and over these is a twining- or doubling-room. The boiler-house at the 
baok of the mill oontains five Lancashire boilers, 80 ft. long and 7 ft. diameter, each having two 
circular flues, 2 ft. 9 in. diameter at the firing end, tapering to ? ft. 4 in. Behind the fire are in- 
serted six Gidloway tubes. The boilers are fed with water front the hot well of the engine. Behind 



eiich boiler, is fixed a fuel economizer, of ten pipes width : in all, 360 pipes. Passing through 
these, under the influence of the waste heat from the furnaces, the water attains a temperature of 
188° (280° F,), before reaching the boilers. The latter are usually worked at a pressure of 90 lb. 

The engines are of the tandem type, with low-pressure cylinders in front, and high-pressure behind, 
on the same piston ; the former arc 40 in. diameter, the latter 21 in. The stroke is 6 ft. The air- 
pump is situated under the slides of the piston-rod, and is worked by a bell-crank motion ; it has a 
stroke of 8 ft. The condenser stands by the side of the air-pump. The ordinary vortical type of 
the latter is still the most popular amongst practical men. The fly-wheel is 30 ft. in diameter; its 
periphery is 5 ft. 6 in. broad, and is grooved for the reception of 23 ropes. The grooves ore 
V-shaped, and of such a depth that the ropes do not touch the bottom. The ropes are of hemp or 
cotton, and are made in different ways. In the centre of, and extending around the periphery, are 
cast a sot of cogs, for barring it round; these can also bo used for moving it by a small bar-aiid- 
ratohet arrangement. 

Power is transmitted directly from the engine to each compartment of the mill, by means of the 
above-mentioned ropes, wliich are received by a grooved drum, fitted upon shafts that extend 
throughout the length of the mill. In the carding-room, the central shaft, driven from the engine, Is 
turned by five ropes, and makes 220 revolutions a minute. Two other shafts, one on each side, run 
parallel with the former, and are driven from it, by ropes, at the same speed. The shaft nearest 
the rear of the mill supplies the motive power to the carding-engines ; the middle shaft, to the 
drawing-frames, slubbing-frames, and intermediates ; whilst the one farthest from the engine drives 
the roving-frames, the willows, and the openers. In the spinning- rooms, the shaft driven by the 
engine extends throughout the entire lengtli, and makes 220 rev. a minute. « In the top room , 
a shaft is carried over the warehouse part, and drives the twining-jennies. The bale-room, which 
receives the raw cotton, as it is hauled in from the mill yard by moans of the automatic hoist, is pro- 
vided with openings in the floor, hound with cast-iron frames, having covers of the same material. 
Similar provision is made in the mixing-room, for passing the raw material to the blowing-room. 
At the corner of this room nearest to the chimney, is a dust-flue, for carrying away the dirt and sand 
separated from the cotton by tbe willows, openers, and scutchers. 

The machinery is arranged with a view to rendering the processes consecutive, and to incurring 
tbe least possible cost for handling the cotton as it passes through. For a mill of the dimensions 
indicated^ 2 willows and 2 openers are required to serve 12 single-beater scutchers. These provide 
laps for 54 double carding-engines, 50 in. on the wire. Sufficient sliver is produced from these to 
supply 9 drawing-frames of 8 heads of 6«deliverie8 each ; which, in their turn, serve 9 slubbing- 
frames, of 80 spindles each; whilst the latter give full employment to 12-13 intermediates of 124 
spindles each, the production of these being taken by 40 roving-ftames, of 168 spindles each. In a 
mill spinning 82*s warp yarn and wefts to correspond, the above-named preparatory machinery sufiaioeB 
to supply the copiplementof spindles, about 70,000. Twining, doubling, is a subsequent process. 

Mixing. — The raw material received into the bale-room is examined by drawing samples from 

8 B 





COTTON MANUFACTURES. 


^88 


difl'erent parts of each bale, and is classified accordingly. This step is necessitated by the |»ot 
that the quality of cotton gathered at different periods of the picking season is subject to material 
variation. Errors pf classification and warehonsiOg may produce a better or worse quality than 
the purchaser intended, or mistakes may be made in purchasing, from unfamiliarity wi^ the needci 
of the establishment. These are sources of error to be guarded against. When the quality aud 
magnitude of the mixing have been decided on, the classified stock is drawn upon ; the coverings 
are stripped from the bales, and the contents are jpassed in succession through the apertures in the 
floor to the room below, and spread upon the floor, in layers occupying a fixed area. Some- 
times this space is railed off from the room. The ** mixing ” will be composed of as many layers as 
there are bales, these being taken in tliat order which will best enable their qualities to contribute 
to the end in view. When the mixing is completed, it is usual to test the result, by taking a 
vertical section of the blend— raked from tho face of the pile—, snfiSciently large to manufacture 
into yarn ; this is carefully examined, and compared with a standard yarn, or with that from the 
last mixing. Should it be deficient in strength, cleanliness, or colour, a suflSciency is added of the 
raw material possessing the requisite quality. Sometimes the testing is repeated, especially when 
the quality is intended to be high class, and it is desirable to run no risk of deterioration ; in other 
cases, the blend can bo made so ncjar the requirement, that it is not consiilered necessary. In 
low qualities, and admixtures of waste, the testing process is sometimes neglected ; but in a well 
regulated establishment, it should never be omitted. 

The satisfactory condition of the blend having been ascertained, it is ready for use. When 
required, it is carefully and fweuly drawn down from the sides of the pile, by means of a rake ; this 
ensures a further intern lixture of the qualities. 

The component parts of the blend will necessarily differ according to the quality of yam sought 
to be produoeti. Experience will enable cotton-spinners of average skill to prescribe mixings with 
great accuracy ; but there is nothing like uniformity among them in this respect, many affecting to 
keep the particulars secrot. Tho following Table, however, very kindly furnished by John Butter- 
worth, of Sliaw, near Oldham, one of the most scientific ami skilful spinners in Lancashire, shows, 
in a general manner, the adaptability of certain cottons for spinning different numbers of yam, and 
their suitability for admixture with each other : — 


Best Sea Island 

Best Egyptian, and Shortest 
Sea Island 

Peeler (American), and Soft 
Egyptian ^ 

Orleans, Texas, and Soft Peru- 
vian 

Periiams, Puraibas, Marari- 
hams, Maceio, Rough Egyp- 
tian, and Rough Peruvian .. j 

Puerto Cal.ello (W. I ), Siiri-! 
iiara, and Brazilian Peruvian 

La Guayran (W. I.), Ceara 
(B.), and Aracaju (B.) 

Dhollerab, Dharwar, Broach, 
Oomrawuttee 

Smyrna, Africari,JPersian 

Comptah, Bengal, Madras, 
Rangoon 


Tlu'se two classes are mixed together, as 
the abundance or scarcity of each class 
prevails ; hut it is found that rough 
and smooth staples do not incorporate 
well, and hence do not make the best 
yarn. 

Tho lower classes of American are often 
mixed with these varieties. Georgia, 
Boweds, &c., mix best with Dhollerah, 
Broach, Oomrawuttee, &c. ; but 
stronger kinds are often used. 

The strong low classes of American are 
best adapted to mix with West Indian, 
Rough Brazilians, Smyrna, African, 
&c. 


120*8 

upwards. 

so 

O 

00 

to 

120*8. 

CO's 

to 

SO’s, 

40*8 

to 

60*8. 

40s 

to 

50*8. 

SB 

b 

CQ 

to 

40*8. 

26*8 

to 

86’s. 

16*8 

to 

28*s. 

10*8 

to 

16*8. 


very low numbers. 


Several varieties not named above would mix with one or other of the classes ; but special 
adaptations must be left to the discretion of the spinner. 

At this point, it may be well to explain the significance of the figures in the third column of the 
above Table. Yarns are always quote<l by the pound, the price difi'ering according to quality aud 
fineness. The latter is indicated by numbers, from I’s (one’s) upwards ; the limit of fluenesB in 
the mercantile article is about SCO’s (three-hundred’s). These numbers are arrived at in the 
following manner In the early days of the trade, when yarns could not be spun with the regu- 
larity that can bo acoomplislmd at present, uniformity was secured by reeling the yam, and 
assorting the hanks according to weight. The circumft^nce of the reel was 1 J yds., and the 
80th revolution was indicated by a rap from a released spring, the length then wound being 
120 yds., or 1 “ lea.” When 7 leas had been wound, they were tied together, forming 1 hank,*' 
or 840 yds. The number of these hanks in 1 lb. indicates the fineness of the yom^ which is 
expressed thus — 4*8, 12*s, 20*s, 32*8, 40*8, 60*8, &c., &c., to SOO’g. From the lowest Jlos., it it 
customary to rise 1 hank at a time, Up to 10*s; thence steps of 2 hanks are generally takem op tp 



OOTtON MANTJFAOTUEm 


739 


M 

then 4 hanks at a rise, np to 40*8 ; after this, the gradation, though aometimes 6, is generally 
10 at a step. Any Koa. between these would be speoial, and would require to be spun to order. 

Cotton yams are always bought and sold by avoirdupois weight; but, in asoertaining the 
eounts or Nos., it is neoessary to subdivide the^und into T|o> grains, of which it contains 7000. 
The measure employed is as follows : — 

54 in. = 1 thread (or circumference of reel), 

4320 „ =s 80 „ ss: 1 lea. 

80240 „ = 560 I, = 7 „ =1 hank, or 840 yds. 

To ascertain the counts of a yarn, 7000 is divided by the weight (in grains) of one hank. It ^ 
customary, however, to take a proportionately less quantity, say 1, 2, or 8 leas, the dividend beiryj 
1000, 2000, or 3000 accordingly. The quotient is the number of hanks in 1 lb., hence the No. of 
the yam. 

Opening. — This process follows mixing. It is performed by the aid of various machines, 
according to the requirements or the preference of the spinner. The prin<jipal are the following : — 
The willow, the Crighton opener, the Porcupine, and Lord's opener. » 

The common, or Oldham, willow (Pigs. 525 and 526) consists of a cylinder c, about 40 in. in 
diameter and 40 in. wide, mounted on a shaft, furnished with driving pulleys, and resting on 
bearings in the framework. Fitted on, 
and extending across, its periphery, 
are several rows of teeth, or blunt 
spikes. A semicircular casing, in- 
ternally furnished with two or three 
rows of spikes similar to the above, 
covers the upper part of this cylinder. 

The lower portion is covered with a 
wire grid, in two parts, hinged to- 
gether. The back section of this is 
fixed to the frame, whilst the front 
part is balanced by weights, suspended 
from cords or straps, passed over 
pulleys at each side, and attached to 
the end of the grid, which is free to 
move up and down in an opening in 


grid. 

The operation is as follows : — The 
grid is let down, and a quantity of 
cotton is placed upon it. It is then 
raised, and the cotton is thus brought 
into contact with the spikes of the re- 
volving cylinder, which dash it against the fixed spikes on the internal face of the casing, loosen- 
ing its matted fibres, and freeing it from sand, dust, and other foreign matters, which fall through 
the grid into the cavity below, or are drawn away by the operation of the exhaust-fan, and dis- 
charged through a tube into the air. After the cotton has been subjected to the action of the 
machine for a few seconds, the grid is lot down, and the cotton is thrown otai. The process is 
then repeated with fresh material. This is the simplest form of the willow as it exists in use. 

The willow, however, has lately undergone groat improvements. It is sometimes made with 
an automatic motion, to let down the grid when the cotton has been in the machine for the proper 
length of time, which can be varied according to requirement. At other times it is made con- 
tinuous, as seen in the figures, by placing a feed cloth a in front, and a lattice creeper e at the back, 
to carry away the cleansed cotton, which is then ready for delivery to the scutcher. 

The second machine mentioned above, the Orighton opener, which is now in extensive use, Is a 
modifioatiou of the cone willow. As will be seen from the accompanying illustfations. Figs. 527 and 
520, in the interior of file framework, is fitted a conical grid, having its apex downwards, and resting 
on a cross-rail at a short distance from the bottom. Oh the top of the frame, stands a tripod, which 
forms a bearing for a vertical shaft, carding driving pulleys, and descending through the oenfire 
of the grid to a foot-step in the cross-rail. Mounted o(i this shaft, are a number of discs 6, smallest 
at the bottom and increasing in siee as they approach the top. Fixed on these, are a series of thin 
steel glades, for beating the cotton. At'the top of the grid, is an orifice oonducting to the dust- 
cages. The space o, between the casing and the grid, forma a cavity for the reception of any 
fsreign matter contained in the cotton. The machine is fed means of the tube which may 
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be introduced on any «ide away from the attachment. The latter includes the dns^eages, lah 
lattice-creeper and, below the dust-cages, a pair of small delivery-rollers-, and an exhat!ist-£h«. 
The cages are hollow cylindrical wire frames, with the wires set sufficiently clo^ to prevent the 
entrance of the fibres of cotton, but wide enough to permit the dust to be drawn away by the 
current. Only the portion of 
the cage opposite the orifice 
is left open, the remainder 
being closed by an internal 
casing, which follows the 
contour of the cylinder. 

Th(5 details of the prfMSess 
are : — The cotton is fed into 
the tube «, emerging into the 
lower portion of the conical 
grid, where it comes into con- 
tact \^th the beaters 6, which 
strike it against the bars of 
the grid. This action loosens 
the mass of fibre, and permits 
any seed that may be in the 
lint, ns well ns earn!, dust, 

&c., to fall through the grid 
into the dust-cavity e, and 
thence to the bottom e. The 
cotton remains subject to the 
action of the beaters, until 
it is opened Bufficiently to 
admit of its being drawn up- 
ward, and carried away by 
the suction of the fan /, 
through tlio orifice. Fol- 
lowing the direction of the 
arrow towards the dust-oage, 
it is taken on by the rollors, 
nnd passed to the lattieo- 
orecj)or d, which discharges 
it upon tlie floor, or into a 
receptacle provided. 

’’.riiis machine has also been improved by the addition of an automatic feed or lattice apron, nnd 
a lap machine. By some, its action is regarded as being gentler, mid less injurious to the cotton, 
than that of the willow, through its possessing no stationary teeth to intercept the progress of the 
fibre ; also by its peculiar structure, which causes it to retain the cotton until thoroughly opened, 
hut not longer, thus avoiding excessive lieating. 

The “ Porcupine ” is another opener, whose chief difference from the willow as illustrated above 
lies in the possession of two cylinders for opening pur|io8es, laid parallel to each other, the first of 
which has twelve rows of teeth, and the second four. It is fed and discharged by lattice-creepezis, 
and exhausted by the usual appliances. 

Lord’s combined opener, scutcher, and lap machine, is a remarkable illustration of the manner 
in which several processes may be concentrated in what is practically one machine. The inventors 
largely avail themselves of the pneumatic principle seen in each of the previously described openers, 
and use a current of air to bring tlie cotton from any moderate distance. 

As will be seen from Fig. 529, which represents the feeding as taking place in the room above 
the maoliine, an endless lattice A, on which the cotton is evenly laid, delivers it to two pairs of 
rollers B, the second revolving more quickly than the first ; these convey it to the tube, where it is 
instantly seized by *the air current. During its aerial passage, sand, dirt, dust, small Stones, 
and all heavy or dangerous substances accidentally present with the cotton, are dropped upon the 
bottom of the tube. In order to secure the abstraction of these, Messrs. Lord invented and patented 
their grated trunks. Intermediately between the feed tal^e and the opener, several lengths of these 
tubes 0 are inserted. Been in section, they are O shaped. Inside these, at short distances apart, 
plates of sheet iron are placed athwart, and slightly inclined against the direction of the current, 
and reaching about half-way to the crown of the tul^. The spaces between these {fiatal fhtvn cells 
for the reception of extraneous matter, which, dropping out of the cotton, is retain^ in them j il is 
removed daily through the bottom of the tube, which opens downwards, and i» hinged for the 
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ptixpB6. These oelis prove very efficient, as is siiown by the qiiantity of dust that is tafeen out of 
^006 in the fron^ fuid its gradual dimhiutiou towards the last ; and hy ^e small amount of foreign 
matter thrown off in the opener and Scutcher. 

The opener consists of a horizontal shaft a, carrying a je^^ies of accurately balanced arms d, 
onouged radially on the shaft at several inohes apart. Tliese arms are of oast iron, with steel 





blades bolted firmly to their extremities. The length of those arms is, at the small end nearest tho 
tube, about 18 in. ; it increases gradually as tho opposite side is approached, terminating with 
28 in. When revolving, tho arms describe tho figure of a cone. A conical grid surrounds the 
beaters, constructed by the junction of two rings of unequal diameter by meaus of straight steel 
bars. This grid can be moved endwise upon tlic shaft, by moans of tho wheel beneath the tube, 
at the left extremity of the machine. Tho bars nro fixed at the delivery end, hut are capable of 
adjustment at the feed end, in order to increase or diminish tlio distanco from tho beater, according 
to tho length of staple or quality of cotton that has to bo treated. On th(3 saino shaft, at the 
delivery end of tho heater, is a powerful disc fan, which, in conjunction with tho other fan;;, whoso 
specific function is to exhaust the dust-cages / /, and which is situated below tlioin, draws the 
cotton from tlio extremity of tho feed-pipe, tlirough tlie beater, lo the dust-eagos ; at this point, the 
cotton is received by two small rollers, that deliver it to tho beater y of tho scutcher, whore it 
undergoes further opening and cleansing, by a jnoccss rosombling tho one it has just passed 
through, except us regards tho form of the beater. TliO scutcher and lap attachment, wliieh receives 
the cotton at this point, will bo described in connection with tho next machine. 

Scutching. — Scutching has a twofold object : to fuither cloiinse tho cotton, and to form a lap. 
If the raw material has not, in tlm previous stage, passed through an opener with a lap-forming 
attachment, it arrives at this point in bulk, and but partially cleansed and 'opened. Scutching is 
the first stage in the series of arrangements that produce the finished article. The lap is a 
continuous sheet of cotton, about 40 in. wide, which is formed into a roll of convenient length to 
suit the machinery. In it the fibres lie in all directions across each other, no attempt having yet 
been made to arrange thorn in parallel order. 

The scutcher has undergone many changes ore attaining its present comparative perfection. 
Amongst makers, the result is unanimity regarding the main featur(*s of the machine, tempered by 
differences on points of detail. The latter need not bo brought fully before tho reader; it will 
serve to describe one or two of tho most popular and representative forms. 

The Orighton scutcher is a well-known machine. It possesses a lattice-creeper, on which the 
cotton is evenly laid, in measured spaces, after being weighed. A pair of small fluted rollers take 
the cotton from the lattice, and pass it to a l)eater, having two blades encased in a cylinder ; a 
quarter-section of the latter, from the ffuted rollers to the bottom, is cornposc^d of a grid. The 
beater, having a speed of about 1000 revolutions a minute, strikes the cotton with groat force from 
the rollers against this grid, causing leaves, motes, and other impurities, to fall through. Parallel 
"With the bottom of the cylinder, is a passage, leading to the pair of dust-cages situated at the back. 
Along this, the cotton is drawn by the current induced by the exhaust-fans. The bottom of this 
passage isibrmed by a lattice, arranged with its surface open, for tbe reception of impurities that may 





h2 COTTON MANUPACTTJEES, 

h&te iMuwed thd first grids. This lattlod moves over three rollers arranged thns--^ * « * « and, 

In a direction opposite to that followed by the cotton, it carries away only suhsta&oes of gt^tef 
specific gravity than the fibres under treatment, and discharges them into the dnst-oavity hmoatli 
the grid. The loose cotton is evenly distributed by the current over the wires of the dust-oagefl, 
as they slowly revolve. These wires, whilst holding the cotton, permit the extraction, ihroUgh 
their interstices, of the fine particles of dust that may have come on the current of air along with 
the fibre, — hence their name. Tlie perfect removal of sand or grit is of great importance, because 
were it to pass along with the cotton through subsequent processes, it would seriously damage tiie 
machinery. The oagqs join the cotton deposited upon them into one sheet, whicli is removed by a 
pair of small fluted rollers ; these pass it to the compression-rollers, whence it escapes to the lap- 
roller ; this, by means of a pair of large fluted rollers, revolving in the same direction, taloss on 
tile sheet of cotton until it has formed a thick roll, technically called a “ lap.** 

From the first handling of cotton in the mill, the object is to obtain a clean, round, even |hread 
of yam. In order to secure this, it is necessary that the scutcher or first lap machine should, hs 
carefully fed, the cotton being spread evenly upon tho lattice,, so that it may pass through at a 
uniform rate. But it is not always possible to ensure this with hand labour, and mechanical 
applistoces have in consequence been invented for tho purpose. 

The most popular, and reputedly tho best, of these is the one introduced by Lords, and called 
the “ lever-’* or “ piano-feed ’* motion, from its being in principle similar to, and in figure distantly 
like, the arrangement of the keys of a pianoforte. Fig. 530 will help to explain its details. 
Fig. A shows it in section : a represents the beater, the dotted line tracing the circle which its 
blades describe in their revolution. Instead of a pair of feed-rollers, as usual for delivering the cotton 



to the beater a, the bottom one is replaced by a series of Ifevers c, extending across the frame, 
arranged as in Fig. 0. In B, is shown a different form of the short end c of the lever, adapted for 
long-stapled cotton. By means of a hook at the extremity of the lever-arm the levers are attached 
to rods/, which increase in thickness at tho end where they pass between two horizontal plates or 
bars g, laid parallel on the back and front of their pendant extremities. In the interstices, small 
bowls are introduced, shown by the dotted .circles i. The rod /, on the right, is slotted for the 
reception of a connecting-rod attached to the lovers, the second of which is connected with the 
strap-lever p, seen between the cone-drums in Fig. 581. A sector wheel, on the strap-lever p, gears 
into a similar one on the strap-lever p* ; q,r are cone-drums, and a is the strap by which motion is 
transmitted from one to the other. 

The action of the different parts is as follows When the cotton is matted, or unevenly spread 
upon the lattice, causing a thick portion to go beneath the roller 6, the short end -of the levet c is 
pressed down, the long arm e is raised ; this pulls up the rod /, the thick end of which, coming up 
between the bowls i, presses the rods in tho only direction in which they can move— towards the 
slotted rod at the end, which, through the connecting-rod and levers above described, moves the 
strap a upon the cone-drums q and r, and regulates the speed according to requirement ; the cone- 
drum r gives motion to the feed-roller 6, through the worm on its shaft. This has proved to be a 
very efficient arrangement, and has been extensively adopted. It can be attached ht^ to the first 
and second scutcher. 

Lord’s finisher lap machine, with the “ piano’* feed attachment, is illustmttid 581. 
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oroel four to mx laps n« which, by means of tholattioe oc, rndyi^g on the rolktB at each 

extemiiy of the creel, deliver a three, fomr, or sixfold sheet of cotton to the feed*rol]6r 6; this^ by 
of the evener,t»r piano feed, jijist described, is made to deliver its burden to the beater a, at 
a unifonn rate. The bottom of the beater case A contains a f?rid d, whilst a longitudinal grid d* 
extends to the dust-cages e. At 0, the casing is usually glazed, or a doorway is formed, in order to 


631. a 



permit inspection of the interior. Glazing is preferable, as a doorway interferes with the action of 
the exhaust draught. Next to the dust-cages, are the compression-rollers tc, through which the cotton 
passes to the fluted rollers z, at the end of the frame, which, slowly revolving, wind it upon a roller, 
called the “ lap-roller.** When the lap y is completed, it is lifted from the frame, and laid aside, 
and the roller is withdrawn, and replaced to wind on another lap. The soft mass of cotton quickly 
closes up the space left by the withdrawal of the roller ; and ordinarily, when the lap has to be 
skewered, for placing in the carding-engine, considerable dilhculty and waste are the result. In 
order to obviate these drawbacks, a plan has been devised and patented by H. H. Clayton, manager 
of Kingston Mills, Hyde, which is thoroughly suceesslul. In place of the solid lap-roller, the 
inventor substitutes a tube-roller, into which he inserts a long pin, having a flat head, of greater 
diameter than the roller. When the latter is withdrawn, the pin is h^ft in the cavity, retained by 
the head, thus preserving the bore, maintaining the form, and facilitating the handling of the lap, 
whilst time and labour are economized, and all waste from the “ stabbing ” of the lap is prevented. 

The process through which the cotton fiaeses is very similar to that in the compound opener 
previously described. The draught of the feed upon the laps in the creel is very slow, and stands 
in remarkable contrast to the action of the swiftly revolving beater. The exhaust-fans also revolve 
very rapidly, whilst the dust-cages move at a slow pace, in or ier to allow the draught to deposit a 
thick sheet of fibre upon the exposed portion of their surfaces. 

The finisher lap machine is used for the purpose of completing the cleansing process, and 
obtaining a uniformly level lap, by doubling the laps from the scutcher. The idea which suggested 
the latter plan is to some extent erroneous. The assumed result would be acliieved if it depended 
solely upon mechanical influences ; but to these is closely allied a pneumatic force, which greatly 
modifies the process. The cotton, after passing the beater, is drawn by the current from the fans to 
the dust-cages ; upon the exterior of these, it is accninulatecl, until the layer becomes impervious to 
the air, when the cotton ceases to be drawn to that spot, and is diverted to other portions of the cages, 
where the draught is still exerting its influence. An even delivery of the cotton may aid, but will 
not necessarily secure, the formation of an oven lap, as the latter will quite as much depend upon 
the uniform strength of the current over the exposed surfaces of the cages. Should this vary appre- 
ciably in any portion, the lap will be ihmuor there than elsewhere. The pneumatic principle is 
dispensed with in all machines subsequent to the finisher lap machine. 

Carding. — This is one of the most important processes in cotton-spinning. The object of those 
preceding it has been to cleanse the raw material from gross impurities, such as leaf, seed, sand, 
dust, and heavier objects, that may aocidentully or otherwise be introduced. Carding is the final 
stage of cleansing. As far as the carding-engine is capable of accomplishing it, all short, tangled, 
and “ neppy fibre is removed in this operation. To make clean yarn, cotton should he selected 
free from immature seed, which the gin often fails to remove, owing to defective seeds being so 
small as to pass its blades, and get drjiwn in by the short and imperfectly developed fibre that 
covers them. Neither opening nor scutciiing abstracts them completely, and those that escape pass 
into the cord, and are broken up. The particles are canaed through the succeeding operations 
without being markedly visible, until the spinning is reached, ^ben the twining brings them to 
the surface of the thread, where a great proportion are retained by the adhering fibres. In other 
rei^>ect% the cleansing function of the machine is very efficient. 


tu OOTTOTS MANUFAOTOEBS. 

Ib carding, the ©onatruotioB of the thread is commenced. Tip to tiiis point, th'are has hcca %o 
effort to arrange ihe fibres in any given order. Here the attempt is flrst^ made to place thto 
parallel. The thick sheet of cotton composing the lap is reduced to a thin cloud-^like film, which 
is drawn through a cone tube, and condensed 4nto a “ sliver,” a round, soft, and untwisted strand 
of cotton. 

The cardiug-engine is the machine by which this is accomplished. Some difference of opinion 
exists amongst practical men as to the best principles of construction, and in consequence there are 
several forms of the machine. Good arguments can be adduced in favour of each, and prol)ably the 
diverse opinions that exist originated in dealing with different classes of raw material, and getting 
various results. 

To trace the development of tlio card would be interesting, but would need a volume for its 
elucidation.'. All that is necessary is to describe representative forms as now in use. Of these, there 
are three; — the roller, the Wellman, and the revolving flat card. 

A section of the roller card, with a portion of the side, is shown in Fig. 532. Its chief parte^jore 
the following : — A, main cylinder or swift, which has a surface speed of about 1600 ft. a minute ; the 
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roller B is termed the licker-in,” from its fun(,*iion of taking tlie cotton from the feed-roller 0, 
and delivering it to llio swift. The small cylinder D is the doffer ; E, the coder ; F, the can in 
wliioli the sliver is coiled ; and G, the lap, resting uiK)n G', the. lap-roller. Arranged over the 
main cylinder, are a number of small rollers, rand s. The former are carding rollers or “ workers ” ; 
the latter are “ strippers ” or “ cloarcrs.” The cylinder, lickor-in, doffer, workers, and clcarers, 
have their surfaces covered with “ cards,” the fineness of which is varied according to the class of 
work to be performed, 

Car<i8 are composed of small bits of wire, inserted at an angle, into a foundation of leather, cloth, 
or a euinposito material which includes a layer of indiarubbor. They are usually made in 



the form termed “ filleting ” — a strip about 1^ in, wide, which is carefully wouud in a spiral 
manner upon the cylinders and rollers. Sometimes they are made in what are termed “ sheets.” 
Fig. 533 shows the first card with which the cotton comes into contact, that clothing the 
lickor-iu ’’ roller. The card for this roller is purposely composed of strong wire, of j^ort cut* The 
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Idnd now geaieafally ^|iloy©d is flattened, wid eiit diagoimlly at the required anglo. It is extremely 
fitveng, and by its action, wlthont injury to itself, will destroy any foreign matter #iat may be likely 
to oome from the lap*, and wMch, if it passed this point, would subsequently ii^jjme the fine diothing 
of the cylinder and rollers. This specimen shows the fineness required for use in the longer staples 
of cotton. Fig. 58t exhibits the card used for clothing thd main cylinder, when fine cottoqs are 
used its count or degree of fineness is 100*8. No. 80*s is used for low cottons, malring coarse yams ; 
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90 s, for generad purposes ; and 100 s, for fine work. The clothing upon the doifor cylinder is nearly 
always 20 counts finer than that upon the main cylinder. The dirt-roUer card, Fig. 535, is of a 
coarse wire openly set, so that it may readily receive into the interstices the motes, seed, leaf, or 
otlier description of refuse, lying upon the surface of the main cylinder. Its cut is similar In depth 
to that of the “ licker-in ” roller. The carding rollers, or ‘‘ workers ” and “ clearers,” are both covered 
with cards of the same fineness, or nearly so, as the main cylinder. The curved form of the illustra- 
tions shows the cards as when actually ready for work. 
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Good carding very greatly depends upon the careful adjustment of all the rollers to the surface 
of the cylinder, the cards of which, while set closely and evenly, slwuld at no point touch each 
pther. The rollers and clearers, in order to admit of this being done with the utmost nicety, are 
mounted upon two fltixible “ bends, very accurately turned, and fitted to the sides of the frame. 
The main cylinder, and all the rollers, are now usually composed of iron, which is loss suscoptihle to 
the influence of damp or dry atruos])herc8 than wood, the material formerly used. The bearings 
should be made of the most durable metal, and be kept carefully oih:d. Every part should bo set to 
work without oscillation, which, if permitted, soon renders good work impossible. 

Tho process is as follows: — The machine having been sa]>pliod with the lap G, the end of 
which is passed under the feed-roller C, the lap-roller G' slowly revolves, unrolling the wob from 
the lap. The “ licker-in ” B, running at a surface speed of about 800 ft. a minute, strikes the cotton 
in a downward direction from the feed-roller, combing the fibres straight, and currying them to the 
cylinder A, which, revolving at a surface rate of about 1(500 ft. a minute, owing to its greater 
speed, and to the cards being bent in the direction of its motion — upward, strips all the cotton from 
the former, at that portion of its periphery nearest tlfe lioker-iu. The cylinder carries the cotton 
forward to the first roller, which usually is a cleansing roller, and is technically called the “ dirt- 
roller.” Its surface speed is comparatively slow, only about 15 ft. a minute. Its function is to 
gather from the cotton all the remaining dirt, motes, seed, leaf, and neps, and to aid in combing the 
fibres straight. The dirt extracted is carried round, and stripped from the roller by the attendant ; 
Bomotimes, however, a vibrating comb is attached for that purpose. The main cylinder carries 
the cotton onward to the rollers' r and s, which successively assist in perfecting the cleansing and 
combing of tho cotton. Those rollers being set in opposition to the main cylinder, their contact 
surfaces move^n the same direction, but at a greatly reduced speed. The cards arc set on the 
stripper with tho teeth inclined in the direction of tho motion, whilst those on the workers are 
disposed in the reverse way, the teeth being thus in opposition to those of the main cylinder. The 
latter carries the cotton past the stripper to the #>rker r, the teeth of which exert a combing 
action, owing to its relatively slow movement of about 20 ft. a minute. That portion of the cotton, 
which is t£^en up by the teeth of th^orker r, is carried round, until, coming into contact with the 
stripper 8, it is taken by the latter, which moves at a surface velocity of 400 ft. a minute, and is itself 
Stripped by the more swiftly revolving main cylinder. After passing the series of workers and 
strippers, the cotton is taken from the main cylinder by the doffing cylinder D, which has its teeth 
arranged in the opposite way, but moves only at the slow rate of about 60-^70 ft, a minute in the 
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fuuiM direction. The cotton is carried round its under eide, until brought within reach d Ih# . 
doffer-comb t, 0tted upon vibrating anna, and atretching acroaa the face of the dofifer, from which; i| 
afripa the cotton in a tiiin 01m. Ita movement ia vertical^ or nearly ao ; it tftripa thedoflbr in its 
deacent, and clears itself when ascending. It makes 600-1000 strokes a minute aooordilig to 
requirement, being driven by balanced cranks. From the doffer-comb, the cotton is delivered in a 
thin sheet or 01m, which is condensed in its passage through a trumpetnshaped tube, and eom-" 
pression rollers c, whence it is carried over the pillar E, and, by an ingenious motion, is coiled iu 
the can F, which stands upon a revolving plate. The cotton thus becomes a “ sliver/* 

This form of cardiug-engine is probably most extensively in use, being best adapted for low and 
medium numbers of yarh. It is simple, easily set, and not liublo to get out of order. The produc- 
tion exceeds that from hats, or the Wellman card, but the quality of the work is hardly equal. 
The cards should be put on both cylinders and rollers, closely, evenly, and with uniform tension. 
After being securely fastened, all should be evenly ground. The frame of the machine ought to 
be i)orfoctly level, and placed on a 0oor free from vibration. The doifer, the taker-in, and the 
rollers, should be set exactly parallel with the cylinder, and be carefully adjusted as close os possible 
without touching. 

Anc^her system of carding is the one in which the rollers and strippers of tho machine described 
above are dispensed with, the substitutes being a series of 0ats, extending from side to side of the 
machine, and covering the upper half of the cylinder. The under sides of these 0ats are covered 
with cards, end are so adjusted as to effect tlie same object as the above. This form of carding- 
engine has passed through numerous mutations and improvements, before its present stage of 
perfection was attained. Formerly the 0ats were stripped by hand, which required steady atten- 
tion and skill on tho part of the operative ; qualities .which were not always found in combination. 
As the difficulty of obtaining a supply of offleiont men increased, attempts were made, with varying^ 
degrees of success, td%ocompli8h the work by mechanical appliances. Amongst the most successful 
of these, was the method devised by George Wellman, an American, who invented the machine so 
widely known as the “ Wellman card.” 

On its introduction into this country, it was taken in hand by Dobson and Barlow, machinists, 
further improved in numerous details, and adapted to work as either a hrst or “ breaker,** or as a 
ffnisher card. In the production of medium numbers of yams, more carding is necessary than for 
lower counts. In many cases, the roller card is used as a “ breaker** ; in others, various adaptations 
compounded of the roller and the 0at card are used, and sometimes raodiBoations of the latter alone. 

The huisher cardiug-engine on the Wellman principle, as made by Dobson and Barlow, is 
represented in the accompanying illustration, Fig. 536. In its main parts, it differs little from the 



preceding. Tho series of 0ats / are 0tted upon adjustable brackets whiob are so arranged as to 
admit of each 0at being set accurately parallel to the face of the cylinder. The lever or arm ^ moves 
backwards and forwards over the semicircle of ffats /; on this arm, is fftted the ffat-lifting and 
stripping apparatus, which has proved to be such an ingenious substitute for human attention. By 
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]3i6niuiof libiB Anmtiig^zxiLexit, the flats are lifted f^om their Irespeetive braofceto, aiid turned upward, 
ahd their flM>e is ^posed to the action of the stripper roller, which clears away the accumulated 
waste that has gathei^ thereon. Immediately i^us has been done, the mechanisiu restores it to 
its plaibe: the arm resumes its movement, until it reaches tlip next flat that has to be stripped, 
when It again pauses, to allow the above performance to be ^repeated, and so continues untiLthe 
whole of the flats are stripped, when the operations recommence. The order in which the flats are 
lifted varies, those nearest the lap needing to be stripped most often, The numbers of flats are so 
arranged that, whichever plan be adopted, each ih proper ord» r will come under the action of the 
stripper. The bradcots e are for the reception of the grinding roller, for grinding the cylinder and 
doffor, without removing them.from their positions. 

The revolving flat card is ar.otbor form of the same machine. In this machine. Fig. 587, the flats 
are arranged in the form of an endless lattice ; the working flats rest upon a semicircular guide 
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n, upon the tops of the sides of the frame, adjusted by means of the screws />. Those out of 
action are suspended upon carrier rollers over which they i ravel. The rate at which the lattice * 
moves is very slow — about 1 in. a minute. In their course, each Hat is subjected to the action of 
the stripping roller k, after which it passes on to take its place amongst the working flats. 

Besides these principal forms of the carding-engino, there are several modifleations, wherein 
the distinctive features of the roller and the Wellman card are combined. These are called 
“ combination or “ union ” cards. 

The most remarkable machine employed in the preparation of cotton for spinning is the 
combing machine used for long-stapled cottons, for fine yarns. It was invented by M. Heilmann, 
of Mulhausen, and first became extensively known to the public through being shown at 
the Exhibition in London in 1851. The patent was purchased by a company of Manchester 
spinners of flue yams, for the sum of 30,000/. They for a time restricted its use to them- 
selves, but subsequently permitted it to be supplied to the public, on payment of a royalty of 
800/., which brought its cost to 500/. This was reduced, as the patent neared its expiration. It 
was, however, virtually extended by the patenting of improvements which experience had suggested. 
It hks since been extensively adopted, and, for making the best classes of yams, is now regarded as 
indispensable. Another combing machine, invented by Imbs, has since been favourably received. 
In the Heilmann ‘‘comber’* (Fig. 538), the lap a is placed upon the rollers 6, which, by their revo- 
lution, unwind the fleece, and pass it down an inclined guide o to a pair of steel feed-rollers dd' ; the 
nether one is fluted, and the upper is covered with leather. These rollers have an intermittent 
motion, obtained through peculiar gearing, by whick they are turned of a revolution at a 

time. They deliver the cotton to a nipper, which opens to allow its passage. This nipper is com- 
posed of two parts — the blade e and ine cushion c*, the latter being covered with leather. The 
nipper-blade receives motion from a cam, at the gearing md of the machine. The motion is 
fransmitted through iwo levers, a connecting-rod and % shaft. The movement imparted 
to the blade is greater than is required to bring it into contact with the cushion plate, and the 
latter, being hung upon a pivot, and held forward by a spring, is pushed backward by the pres- 
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llQfe of ihe Mode, into a portion which aubjeots the cotton to the action of the combing 
A icverce movemmt then occurs, which permits the cushion plate and nipper-blade to advance with 
the cotton in their grip, to a point where, when the nipper-blade rises, the fibres are taken hoM of 
by a detaching roller and a fluted segment on the combing cylinder The side of this ey Under 
opp^ite to the fluted segment carries a series of 17 combs /®, graduated in fineness from 30 to 90 
t^th in the inch* Between the fluted segment and the combs, is a plain space at each side, which 



affords time for making the required changes between the combs ceasing to act and the fluted 
segment coming into work, and vice versa, the cylinder revolving continuously. The top comb is 
fitted above tlio cylinder; its purpose is to comb the ends of the fibres, and to prevent any being 
drawn forward, except those that have been combed and cleaned by the cylinder. The top comb 
has only a vertical movement, being lifted out of the way of the cylinder comb when the latter is 
passing beneath. The detaching roller with its leather-covered fellow (;% and the accessory 
roller /;®, receive their motion from a cam, which is arranged to turn the roller g one-third of a 
revolution backward, then, reversiug, two-thirds forward, when it stops until the cylinder-combs 
have prepared another length of fibre. The reverse movement is given to the roller g for the pur- 
pose of taking back the rear end of the previously combed fibres, so as to place them under, and 
attach them to, the fibres coming from the combs, to form them into a continuous sliver or riband, it 
being necessary to detach the fibres under operation from the remainder of the fleece as fed in, and 
also from the fibres already combed. The attachment having been made, the roller g reverses, and 
removes the next length of fibres out of the way of the cylinder combs. In order to properly catch 
the partially combed fibres, the top roller g^ Ib made to move round the axis of the roller g, into 
contact with the fluted segment of the cylinder /*, thus fonning a revolving nipper. The top 
roller is brought into contact by the lever g* and its connections by means of a cam at the gearing 
end of the machine ; it is in contact with the fluted segment only for a portion of the time tliat 
the roller g is making the partial revolution forward ; but is always in contact with the roller g. 

Combing being thus completed.^ the rilwid of cotton passes to the rollers t and is drawn by 
them through a trumpet tube, which presses it together to form a round sliver. The slivers &(m 
the six heads are then united, passed through the drawing head at the end of the machine, and 
coiled into a can. 

As the combing process has for its object not only the reijioval of dirt and neppy cotton, hut also 
the separation of the short fibres contained therein, the disposal of these may be briefly described. 
When the roller < 7 * and the fluted segment have got hold of the front ends of the kalf-oombed fibres, 
the top comb falls a little in front of the part upon which the cylinder combe had pdrevlously 
operated. The roller g' and the fluted segment of the cylinder then draw the fibres fl)rward, the 
top comb preventing anything coming forward, except the long fibres protruding thmrigh the teeth 
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th© oomt». The Bh(^ fibres are thus left in the pcartidh of the fieeoe &0111 which the long ones 
hatre been drawn, an4 cm the rollers d delivering a fresh length through the nipper e e\ the combs 
on the cylinder pass through the projecting part of the fleece, and separate from it the neps, dirt, 
and all the fibres not long enough to be firmly held. They thus take the waste from the front ends 
of the fibre, and that which was left by the top comb. As the cylinder revolves, the waste is deaned 
out by the action of the revolving brush which has a more rapid motion than the cylinder ; the 
brush then throws the fibres upon a doffing cylinder, covered with card clothing, which is stripped 
by an oscillating comb, when it drops into a receptacle at t?ie back of the machine. This short 
fibre and waste is subsequently used in spinning low and coarse qualities of yam, in which cleanli- 
ness is not an important requisite. 

Drawing.— One of the main purposes of each successive process in cotton spinning is to eliminate 
the defects and irregularities left by preceding operations. An intermittent or irregular supply of 
cotton to the lap machine produces variations in the weight of the laps, occasionally to the extent 
of 8-6 per cent. These, in the carding process, give correspondingly irregular divers, and, if passed 
through the subsequent stages, would yield the most unsatiafimtory results. 

In order to obviate this, in the drawing process, 6-8 slivers from as many different cards are 
combined, and attenuated to the dimensions of one; six of these are again put up, and the 
operation is repeated ; this takes place usually a third time, when the sliver is regarded as having 
been sufficiently drawn. The series of doublings stands thus — 8 x 6 x 6 = 288, so that the 
irregularities existing at the commencement are reduced to an imperceptible amount. 

The machine by which this is accomplished is the drawing-frame, a front view of which is shown 
in Fig. 539. It is one of the simplest machines employed in cotton spinning. It is the first, 
however, in which is introduced the important principle of drawing or attenuating tlie material by 
means of rollers. Of these rollers, there are four pairs in this machine, arranged in parallel order 
behind each other. The front pair are visible at a. The two pairs at the rear are fluted ; whilst 
in the two front pairs, it 
is only the bottom ones 
that are so constructed, 
the upper ones being 
covered with cloth or 
leather. Those pairs of 
rollers revolve at differ- 
ent velocities, the speed 
increasing from the back 
to the front. By this 
action, the fibres are 
drawn into parallel order, 
tlie sliver is attenuated, 
and the unevenness of 
each, and the irregu- 
larities of the whole, are 
eliminated. The speed 
is graduated between the 
different pairs, in such a 
manner that the front or 
delivery rollers have a 
surface speed equal to about six times that of the taking-in rollers. Where eight slivers are drawn 
into one, it becomes correspondingly increased. The usual speeds of the rollers are in the fol- 
lowing ratio : — Taking-in, 1*00; 2nd, 1*60 ; 3rd, 5*75 ; 4th, 6*00. These will differ as the draught 
is more or less, but the proportions will be maintained. 

In the drawing-frame, the cans containing the slivers are arranged behind ; the slivers are passed 
through boles in a horizontal plate, for the purpose of preventing their passing up in the form of 
loops, knots, or kinks. From here they go over a semicircular plate to a guide plate, in front of which 
the ordinary lever-stop motion is placed. This is a compound lever balanced in the middle. One end 
of this is spoon-shaped, and rises in front of the guide plate. The opposite projects beneath the 
semicircular plate, and has a loose bar, attached by a joint, pendant from its extremity. Beneath 
this bar is a notched shaft. The sliver, after passing the semicircular plate, is carried upon the 
ep(K>n-Bhaped end of the lever ; its i^igbi and the draught upon it depresses it, so as to lift the 
pendant bar out of the way of the revolving notched shaft ; thence, by means of the coder, it is 
neatly deposited in the cans. When the sliver is finished, or breaks, the spoon end of the lever 
rises, the pendant bar at the opposite extremity is depressed, and stops the notched shaft, which, 
being driven by a catch box, its hiding portion is pushed aside, and st^ the frame. 

Until about 1840, much difficulty was experience in maloi^ thoroughly even yam, owing to the 


539 . 







7«0 


COTTON MANUFAOTXTBm 


faet that efficient supervision could not be obtained from the operatives superintending iltb |irq)ani« 
tory processes. It will be clear that when six, eight, or other numbers of slivers are drawn together 
into one, should one or more of these become exhausted or broken, and the draught of the remainder 
continue, the resulting sliver will be proportionately reduced in substance and strength. Wherever 
two^ok more threads are worked together to form pne, this is liable to occur, and, when it happens, 
the commercial product is seriously depreciated in value. These defects were constantly pressed 
upon the noticse of the trade, and led to many attempts at their removal ; but success was not 
obtained until James Smith, of Deanston, invented the above-described stop motion, which partially 
remedied the evil. Sii\pe his day it has been considerably improved, but, at its best, has hitherto 
left much to be desired. It will be obvious, from the description, that its sensitiveness and constant 
action are dependent upon the presence of conditions which cannot always be assured. Many 
attempts to further improve it have been made, but without much success. It is, however, likely to 
be superseded by the electric stop motion, recently introduced by Howard and Bullough, of 
Accrington. 

The inventors of this novel improvement, having regard to the fact that mechanical stop motions 
as ordinarily constructed are often either too cumbrous or complex to be sufficiently sensitive, or, if 
the latt«r be attained, are too fragile in their parts to be durable, sought to reduce these to a mini- 
mum, and, if possible, to increase the sensitivity. The idea of employing electricity for this purpose 
suggested itself, and the fact that cotton wool, in its ordinary condition of dryness, is a non-conductor, 
favoured the plan. After considerable effort, the invention was perfected ; and, in practical appli- 
cation, it has been found to be all that could be desired. 

To supply the electric current, the inventors employ a small magneto-electric machine, which is 
driven by a band or belt from the shafting that drives the machinery. It is very small, and the . 
power needed is not more than would suffice to drive a small domestic sewing machine. 

In Fig. 540 is seen a section of the chief working parts of the drawing-frame, with sufficient detail 
to show the application of the electric stop motion. The rods V and T convey electricity from the 
generating machine to the frame. The parts marked A, C, D, E, are connected with T, and H, K, L, N, 
with V. The drawing-frame requires to be stopped on any of the following occurrences : — on the 
breakage of the sliver M at any* part, or on the exhaustion of the supply ; on its lapping around the 
front rollers ; and on the can Z becoming full. The insertion of the sliver tetweon the rollers pre- 
vents electrical contact taking place. Should breakage occur, the slight space is instantly closed, 
the electric circuit is com- 
pleted, and the small magnet 
P is endowed with power 
to attract the lever, which 
stops the revolving notched 
shaft S ; this, by means of a 
catch box, as in the ordinary 
stop motion, moves the driving 
strap from the fast to the 
loose pulley. Should the 
sliver, or a part of it, begin 
to lap round either of the 
front rollers, the space be- 
tween them is increased, the 
top roller K rising soon comes 
into contact with the screw 
C, which completes the elec- 
tric circuit again, and stops 
the machine. When the can 
Z is filled, and the sliver 
would run to waste if not attended to, its accumulation lifts the tube wheel N, until it comes into 
contact with the point E, when electrical contact again takes place, and the machine is stopped. 
By means of anotlier arrangement, the electrical circuit is broken when the machine stops, and the 
force is made available for the needs of other machinery. 

The introduction and utilization of this subtle agent in a realm of industry which is almost 
exclusively occupied by mechanical powers is quite new, and, in the cases of the drawing, slubbing, 
and intermediate roving-frames, to which it has been applied, jhas proved highly satisfactory. For 
the carding-engine, and the final roving-frame, to which it has also been applied, the inventors do 
not so strongly recommend it ; bnt in neither of these cases is it so necessary, as the purposes to be 
answ'ered, and the difficulties to be obviated, are not so important. 

In the drawing process, the number of times the material should be doubled and drawn is chiefly 
dependent upon the class of cotton used. The object being to draw the fibres into panOlel positions 
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with regard to eaot^ other, drawing, carried beyoi^d the point ok which this is aocomplithed, is 
jurioos and wasteful, weahening the fibre, and entailing loss. The varietieB of ootton in which the fibre 
is soft and pliable, such as American qualitiee, brown Egyptian, and soft Peruvian, require less 
doubling than the harsh and intractable descriptions, suoh as Brazilians, &c. Much also in praotioe 
depends upon personal opinions. For the softer descriptions, when intended for yams not exoesding 
SC's or 32 * 0 , j)utting it through two heads of eight ends each, thus doubling sixty-four times, will 
generally be found sufficient. In other mixings, or when higher numbers are spun, the employment 
of three heads of drawings is necessary ; one of eight, and two of six ends each, being equal to 288 
doublings. Sometimes eight ends are put through each head, when the number becomes 512. 

Drawing-frames should never be placed in damp rooms, nor ;jhould the atmosphere of the room 
ever be allowed to become damp, ae it tends to make the rollers lick the fibre, making a large 
percentage of waste. The opposite extreme of drypesa should also be avoided, as it prevents 
the laying of the fibres parallel to each other, because they manifest a tendency to curl, which 
subverts the end in view. 

Slubbiug. — As previously defined, slabbing is' to further attenuate the sliver, and draw the fibres 
into more perfect parallel order. Instead, however, of 6-8 slivers being put up, only two are usually 
condensed into one. The machinery, in its first working parts, is similar to that of the drawing*4Tame ; 
but, instead of the sliver— -after this process called “ slubbing” — being coiled in a can, it is wound 
upon a bobbin, or barrel, by means of the spindle and flyer ; the slubbing-frame belonging to the 
series of bobbin and fly frames. It is generally constructed with about eighty spindles as a 
maximum number. These are of a size to fit them for the reception of bobbins 10-12 in. in height. 
The traverse is correspondingly large. In this frame, the ootton is first twisted, the attenuation of 
the sliver having proceeded so far, that, without this, its coherence would not be sufficient to pull 
the bobbin round when being drawn off in the subsequent process. As the strand of fibres has to 
ho further attenuated, and much twist would prevent this, no more is put in than is necessary for 
the above-mentioned purpose. A better opportunity for describing the flyer, and the differential 
winding motion, will occur subsequently, so it need not be introduced at this point. 

Intermediate, or Second Blubbing. — This is, in all essential respects, a repetition of the slubbing 
process, the machine containing, however, rather more spindles than the slubbing-frame, and its 
bobbins being smaller — 8-9 in. In spinning Nos. below 20’s, it is not usually employed. The 
accompanying diagrams illustrate the method of applying the electric stop motion to this important 
machine. In its operation, there are two occasions when the frame requires to be promptly stopped. 
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Two “ slubbings ” are put up to form one thread, one of these may break, or tbo bobbin may become 
exhausted, and it is necessary that these occurrences should he detected immediately, otherwise the 
attenuation of the single thread, which would continue passing through, would cause a great amount 
of waste ; or, if permitted to pass into the spinning-frame, it would seriously depreciate the quality 
of the yam produced. Numerous attempts have been made to obviate the mischief by mechanical 
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i^lianoe*, bat wMhmit My satisfeotory •result, until tbe most perfect suceeas wm aahiewd ^y 

this mventioB. j ’ 

As shown in Figs. 541 and 542, the bar on which the springs A are fixed is placed in odn- 
neofcion with the positive pole of the battery or magneto-olectrio machine. The fluted roller B is in 
coB*i»ctioii with the negative pole. The strands of cotton separate the spring and the roller ; hut 
when, through the breakage or exhaustion of 
one strand, they come into contact, the electric 
circuit is completed, and the magnet is charged, 
so as, to attract downwards one end of the 
double lever F, the opposite end of which, 
rising into contact with a ratchet wheel, acta 
upon a clutch, and stops the machine through 
the medium of the usual appliances. The 
afchiOn bf t|ie working parts can be most clearly 
seen in Figs. 542 and 543, the latter being an 
enlarged view of the parts. 

Boving. — This is a continuation of the 
above, the object being the same, and the moans by which it is accomplished, identical. The sizes of 
the spindles and bobbins are further diminished, whilst the number of the former is increased, 
ranging from 140 to 200 ; tlie lift of the bobbin is 5-7 in. Sometimes a second, or fine, roving- 
frame is used, where fine numbers are spun. It is often called a ‘*jack” frame, and carries the 
fineness of the roving to 30-40 hanks. 

For purposes of illustration and description, the roving-frame may be taken as representative of 
the slabbing and interraodiato frames. In principle they are the same, and differ only in details. 
All belong to the class of bobbin-and-fly frames. The roving-frame (Figs. 544, 545), unlike 
the slubbing-frame, which draws its supply of the raw material from the sliver cans, is provided 
with a creel similar to, but necessarily smaller in detail than, that of the intermediate frame. 




These creels contain the tubes or bobbins, bolding the supply of the attenuated strand of cotton ; 
the Iwbbins are arranged vertically, and held in a position to revolve easily, by lanoe-wood peg8> 
called “ oreel-i)eg8.’* In the slubbing-frame, are four pairs of drawing rollers ; but in the roving- 
frame, only tliree pairs. The number of these rollers is suflBcient to extend across the length of the 
frames from o to o', and are laid horizontally, parallel to each other. The under one of each pair 
is fluted ; the upper is plain, and covered with leather. The top rollers are generally made with 
loose bosses, the invention of the late Evan Leigh. Metallic plates, called ‘‘caps,” cover the 
rollers, and serve to protect thorn from dust, and accidental injury. The rollers are mounted on 
a beam, called the ‘‘roller-beam,” about midway between the creel and the spindles. The 
latter constitute a prominent portion of the machine, and are arranged in two rowSy one 
behind the other, as seen at d. They are furnished with fliers, screwed upon the top ; each of ^em 
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poflisdsm whut is termed a ** pressure-finger ’* e. The a^s of the filer, to one of whkh this is 
attached, are tubular, and the pressure-finger is interchangeable. It is of great importanoe, in 
ensuring the perfect working and dnrabiMty of the machine, that the flier should be nicely adjusted 
ilpon the spindle, and the arms be in equipoise. Two shafts extend throughout the length of 
the machine, under each of the series of plates marked //and gg\ The lower one oanfies. the 



hovel wheels, that gear into smaller ones upon the spindles, by whicli tho latter are driven. 
Similar gearing, upon the corresponding upper shaft, drives tho bobbin at a slower speed, and 
in connection with a differential motion, arranged to nccolerato or reduce the pace, as tho 
diameter of the bobbin increases by the addition of successive layers of the strand of C/Otton, and 
according to the principle on which the maohino may have been arranged : — viz. whotlier tho flier 
runs faster than the bobbin, or tho convorso. 

The formation of the raw material into a strand, and its attenuation, commenced in tho carding 
engine, where the sliver coming from tho card is usually about f hanks to tho pound ; after its 
passage through the drawing, slubbiug, intermediate, an<l roving frames, it may have become, 
according to requirement, 5, 7J, or 12 hanks. Should the jack frame be in use, it may be any 
number of hanks up to 40. Tho roving is now passed to tho last machine of the scries, in which the 
processes necessary to tho constriiciion of a thread from the raw material are completed. This is 
the mule, throstle, or its modification, the ring frame. 

Spinning. — This is the chief process of the series ; those previously described being subordinate 
and preparatory only. There are two methods in use : the older being that which Arkwright, if 
ho did not invent, certainly rendered practicable, in his “ water-frame,'* which, under subsequent 
modifications and improvements, has come to be called the “ throstle-frame ** ; the second, the 
mule, invented by Samuel Crompton, in which the chief features of Hargreaves* “jenny’* and 
Arkwright's water-frame aro combined. In Hargreaves’ machine, which was the first practically 
successful attempt to spin more than one thread at a time, a portion of roving was doUvored from 
the frame, and attenuated by the draught of a receding carriage, containing tlie spindles, which, as 
they drew out the fibre, gave it the amount of twist necessary to constitute a thread. In all 
spinning machines, the twine imparted by the spindles naturally crowds into the thinnest portion 
of the strand, making it firm and hard, but leaving the thick parts almost unchanged. In this state, 
as the carriage receded still further, the thick parts of the thread were easily attenuated to the 
same degree os the other portion, and properly twisted, making a fairly uniform and even thread. 
This was a far more successful imitation of the operatiems of the hand spinner than was Ark- 
wright’s plan, invented subsequently ; but it was not nearly so successful, owing to the roving 
having to be reduced entirely by the stretch of the receding carriage. The attenuation of the 
roving by the drawing rollers of Arkwfight was much more easily accomplished, and admitted of 
the process of spinning being continuous; whilst in the latter, it was intermittent, stopping 
to wind upon toe spindle each “draw" or length of yam as it was spun, thus consiuning 
nearly \ of toe time. The yam was also insufficiently twisted for warp purposes, and was fit only 
for weft. That produced on the water-frame was firm and hard, and quickly began to displace the 
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linen warps at that time in use. It bad, however, numorons defects, the chief of which was its 
irregularity in strength and evenness. The crude manner in which the preparatory processes were 
carried on at that time yielded a very irregular roving, from which the yam had to be spun. Ark- 
wright’s machine possessed no means by which this conld be eliminated, the drawing rollefs 
rodr''»^g the thick and fine places only in equal proportion. The need of further improvement was 
therefore generally felt. Amongst the number who sought to accomplish this, was Samuel Crompton, 
who had been accustomed to spin weft on Hargreaves' jenny. Experience had mad^ him 
acquainted with the merits and defects of both Hai^greaves' and Arkwright’s machines, and 'shown 
him that, to a great extent, they were complements of each other, and united would almost perfect 
the art of spinning. This he laboured for a long time to realize, and the fruit of his ©iforts was the 
mule, in which the distinctive features of the jenny and the water-frame , are combined : the 
stretch of the yam in the former, and the attenuation of the roving by means of rollers in the 
latter. The result of bis success was quickly seen in the rapid multiplication of spindles chiefly on 
this principle. With subsequent improvements, the mule has become the most perfect and 
important machine in the series, and, as such, claims priority of notice. 

Fig. 546 represents a side elevation of the mule headstock, with a transverse section of the 
carriage) shown as running in, and in the act of winding. The drawing-rollers and roller beam are 
also seen in section. lu Fig. 547 is seen a corresponding plan of the mule, showing the headstock 
in the middle, and having spindles working on each side. Fig. 548 is a front view. 



The driving power is communicated to the machine through the horizontal first-motion shaft, 
on which are the fast and loose strap pulleys A B. Wlien the carriage M has run in to the roller- 
beam, or drawing-rollers, the front of which scries is seen at c®, Jhe driving strap is on tjho fast-pulley A, 
though a portion extends to the loose-pulley B. Motion is communicated to the drawing-rollers by * 
the small change bevel-wheel 0, driving the largo bevel-wheel C\ running loose on the horizontal 
shaft c, and connected with the front line of drawing-rollers. . The spindles are also driven from 
the chief motor shaft by the double-grooved cord-pulley, or rim. A®, ou the extremity of the shaft, 
carrying the bevel-wheel 0. From this pulley, an endless cord o passes downwards, beneath the 
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g)aid6-pu]ley aS tlience to the oblique oord^pulley as in the carriage M, and to and around 
the tin roller a*, keyc^ on the horizontal shaft J, which carries the tiu cylinders J* used for driving 
tho spindles. Thence it passes forward, and around the oarrier-puUoy a*, fixed to the front of the 
fralne, then ^ong the floor to the guide-pulley a* at the baajf f the headstook, and thence to„^e 
rim-pulley A*. Whilst these movements for the spindles and drawing-rollers are going tho 
small spur-pinion C®, keyed on the front roller /c, drives the spur-carrier- wheel c\ which drives 
the spur change-wheel c", fixed on the boss of the smaller spur-wheel ; the last-named 6** and o* 
run loose on studs, fixed to the movable weight-lever c®, hinged on the front roller-shaft c, the sj^ur- 
whoel 0 * gearing into the spur-wheel c*, whicli is keyed on the shaft H, running tho full length of 
the mule, and upon which are fixed three scroll-pulleys, one being seen at c?, and one at each end 
of the shaft. Thesd pulleys have a rope attached to and wound upon them, tho other part being 
passed round the guide-pulleys, turned back, and attached to the carriage, for tho purpose of 
traversing it outwards as the yarn is spun. When the carriage arrives at the extent of its stretch, 
i. e. is at the point of its traverse the furthest from the front drawing-rollers, the fallor-shaft 
comes into contact with the inolino E*, fixed on one end of the beam-lever E, pressing it down, so 
tliat it turns on its fixed centre E-. On the opposite end, is a similar incline E’’, also a stud E\ 
on which hangs the pendant cam-plate, the back of which bears against the fixed bracket. At 
the lower end of this bar, is an oblong slot, through which the cam-shaft passes,. This slot is of 
sufficient lejigth to allow of tho free vertical movement of the cam-plate. At each end of this slot, 
concentric with its centre, and projecting from the face of the cam-platc, are two circular inclines, one 
of which is seen at E®, commencing its rise, and terminating diametrically opposite, being half a 
revolution. One end of a steel pin abuts against the top of this incline, and passing in a horizontal 
direction through tho catcli-hox D®, jnesses with its opposite end against the other half of tho catch- 
box, holding it out of gear until acted upon. This half of the catch-box slides freely upon a key, fixed 
on the cam-shaft. A spiral spring E®, one end of which preHsc^s against its boss, and the other 
against a stop-hoop, which is adjustable to rcgulattj the tension of the spring E*’, is fixed with a set- 
screw to the shaft. This shaft next pusses through tlio tubular cam-shaft D, to the back of the 
hcadstock, where it has tho wheeJ keyed upon it. When tlio end of tlio beam-lever E is pressed 
down, so that it turns on its fixed centre E®, moving its oppo.-ite end upwards, it carries the pendant 
cam-plato, with its circular incline, away from the steel pin; the now position allows the steel spring 
E® to act upon tho catch-box, putting it into gear with the catch-box D®, which it carries round half 
a revolution, when tho steel pin which is brought with it comes into contact with the second 
incline, puts it out of gear, and causes all motion to cease. The tubular cam-shaft D runs in 
bearings, one at each end, projected from tho frame side, and supports the last-mentioned shaft. 
The oeitch-box D* is keyed on one end, to give it motion. The cam 4, which acts on the lever 6, is 
also fast. Tlio lover C, passing upwards, extends to tho catch-box on the front roller c, and is 
carried by a stud in tho frame, tlie centre of which is soon in the plan. Tlie helical spring 7 
is attached to this lover, and thereby holds tho catch-box in gear. The partial revolution of tho 
cam-shaft D is effected by the revolving bevel-wlioel b, fixed on the boss of the loose-pulley 15, on 
the first-motion shaft, which gears into another wheel b\ keyed on the top of the upright shaft F, 
which passes down to tho scroll-sliaft. Another bevel -wheel on the same vertical shaft 6* gears into 
the large backing-off bevel-wheel shown by dotted lines in tho drawing, cast in one piece with the 
spur-wheel D®, and which runs loose on the journal of Uie main driving-shaft, and gears into 
the spur-wheel D*, on tho end of the cam-shaft giving motion. When tho carriage arrives at 
the boundary of its stretch, the first movement of tho cam-shaft D, actuated in tho manner 
explained, is to throw out of gear tho catch-box on the front roller-shaft, thus stopping the motion 
of the drawing-rollers and carriage. This is accomplished by tho aims 4 and 5; the cam 4, 
qpming round, presses against the projection on the lower end of the forked lever 6, working in the 
ring-groove in the projecting boss of tho o^tch-box on the front roller-shaft. The cam 6 presses 
down one end of a beam-lever, tho centre of which is seen at the opj^osite end, lifting the vertical 
bar, the top of which bears against the lower surface of tlie movable weight-lever c®, and dis- 
connects the spur-wheel c* and the wheel thus stopping the carriage. 

The next operation is stopping the motion of the spindles. Tliis is e^cted by tho worm d on 
the first-motion shaft, gearing with tho worm-wheel d* on the end of a short shaft, which passes 
through the bracket d®, fixed to the headstook ; the opposite end of this shaft carries a cam d*, 
which acts at the proper time upon the end of the catch d% hooking on the end of the bracket d®. 
The opposite end of this catch is joined to the strap-lever d®, which carries the fork to guide the 
strap. When the catch d* is hooked oS the bracket d®, it retains the strap on the fast-pulley A. - 
As the shaft makes one revolution during each stretch of tlio carriage, the cam (P is so adjusted as 
to act at the proper time upon the catch d*, liberating it from the bracket d®, when a helical spring 
is made to act upon the strap-lever d®, shifting the strap on to the loose-pulley B. The lower end 
of this lever hinges on a stud, fixed in the frame side, and, at this point, it branches off for a short 
distance^ in a horizontal direction, towards the back of the frame, passing under a short projection 
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from the backing-off lever d®. This projection rests npon the branch of the strap-lever ; its o®ee 
is to prevent a shock when putting the backing-off cones into gear as the gtrap leaves the fast- 
pulley. The backing-off lever oscillates on a stud fixed in the frame. On the upward branch of 
is a loose stud tT, which is secured to one end of a screwed rod, by means of two nuts, so 
as tobe adjustable; the other end is attached, by means of a small stud, to one end of the 
horizontal lever d®, the middle portion of which fits the ring-groove on the boss of the conical 
friction-pulley, by means of which the latter is brought into frictional contact with the internal cone 
of the backing-off wheel &*, on the main driving-shaft, and is thus made to revolve in an opposite 
direction to the main (giving-shaft, by the bevel- wheel, on the boss of the loose-pulley B, as before 
shown. Thus, when the friotion-oones are brought into contact, combined with the motion of the 
pulley A* and the main driving-shaft, the change reverses the revolution of the spindles. As soon 
as the backing-off commences, the ratchet-wheel which is keyed fast on the tin roller-shaft, is 
carried round with it. On the boss of this wheel, a ring-groove is turned, which is clipped by a 
bent spring j', and the latter being carried round with it by frictional contact, its free end boars 
against the tail of a catch r, pressing it into gear with the ratchet-wheel which carries the last- 
named catch and its stud with it. This stud is fixed in the disc 3, which runs loose on the tin 
roller-sWt J. The boss of the disc is formed into a spiral groove, increasing in diameter as it 
approaches the fiange. A chain is attached to this boss, and, winding round the spiral groove, 
passes horizontally towards the front of the carriage, partially round a flanged carrier-pulley, fixed 
on the top end of the lever p®, then up to and over a short bent lever p®, and is fixed on the faller- 
shaft p, being attached by means of a screw and wing nut, to adjust its length. This short lever 
pulls down the fallcr-wiro to the apex of the cop. A lever is fixed on tho faller, and, at its free 
end, is a stud, on which liangs tho pendant bar p^. By the time the faller- wire s has attained tho 
level of the points of the cops in process of formation, the foot of the pendant bar is drawn upon 
tho top of tho slide, with its anti-friction bowl resting on the cop-shnpor R. A stud is fixed in the 
pendant bar, on which is placed the adjustable rod the other end being attached to the upper 
extremity of a short lever, placed just within the carriage. Tho opposite end of this lever is 
connected with a short shaft, at tho extremity of which is fixed another lever p*, which passes 
downwards beneath the carriage. Tho fr(^.e end of this lever is formed into a double or forked 
incline, sufficiently wide to fit the anti-friction pulley p®, which runs loose on a stud, fixed into the 
end of the lever p^ This fork presses down the friction-pulley, which carries with it the lever p% 
the lower end of which is secured to the end of a short shaft, passing through a bracket, fixed to the 
lower portion of the frame. On the opposite end of this shaft, is fixed tho boss of tho lever p^, to 
which, at its lower extremity, is secured a stud ; to this stud is attached one end of a long rod p®, 
which passes to tho ba(;k of the headstock. Near to its extremity, is a stop-hoop, against which 
one end of a helical spring p’® abuts, the opposite end pressing against the lower end of tho backing- 
off lover ci®, where the rod passes freely through, compressing the spirnl spring p^®. At its 
extremity, is fixed a second stop-hoop p*\ which is fixed on tho rod with sot screws, being adjustable. 
The office of this stop-hoop is to disconnect the backing-off cones. 

The inward movement of the pendant bar stops tho further progress of the faller-wire, and locks 
the faller to the shaper. Tho chain being still in tension, draws the chain-pulley inwards ; 
acting ujx)u the iipjier end of the lever j;®, and upon the lower end of the lever p^, move the long 
rod p®and stop-hoop p'*, carrying with them tho backing-off lever dP, wliich puts out of contact the 
conical friction pulley, when tlio backing-off ceases. On tho upright shaft F, at tho back of the 
headstock, is a cone friction-pulley F^, one half of which slides on a key, fixed in the shaft; on its 
boss is a ring-groove. Tho other half runs loose upon tho shaft, and, keyed upon its boss, is a 
bevel-wh(3el, which gears into a similar wheel on the scroll-shaft F®, which extends for some distance 
on each side of tho headstock. Two scrolls are fixed on this shaft, one of which is shown at F®. A 
stout rope made fast to the boss, is tlien wound round tho scroll attached by its end to the 
carriage, and thus pulls it in. A second rope is attached to the other end of the scroll, and is 
wound round in an opposite direction, passing off* at the under side, and along the floor io the 
front of tho headstock, wliero it passes over a carrier-pulley, fixed to the frame, and then back to the 
front of tim carriage to vj^ich it is attached. At the lower extremity of the lever p® is fixed a stud, 
carrying an anti-friction bowl, on which the lever I rests while the backing-off* is in progress ; the 
boss of this is attached to the shaft /*, which passes along the flomr to the back of the headstock. On 
this, is a second lever, having at its free end a fixed stud, on which is placed one end of a vertical 
rod I®, which is attached to the forked lover the free end of which works in the ring-groove, on 
the boss of the loose half of the frictional oone-pulley F^, liolding it out of contact. When the 
h^ver p® drops down, taking with it the lever /, it allows its shaft to rook, which causes the lever 
at the back end of tho shaft to fall, bringing the cone friction-pulleys into contact, Which gives 
motiou to the bcvol-whcols and scroll-shaft, and puts up,” or draws in the (Carriage. 

At the moment that the cone-friction is in gear, the mitre-wheel Q on the book shaft H, gears 
into the mitre- wheel G* on the side shaft G®. At the opposite extremity of the shafl, is a secjond 
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pilr of mitre-whee}*B, giTing motion to the ebaft G*. on*tKe other end of whioh is keyed the fipnr* 
pinion 1, gearing into the spur qnadxant-wheel 1*, whioh forms a portion of the radial arm 1\ 
qsoillating on a stud hxedin the frame. A ooarae-threaded screw T ia mounted upon this arm, and 
on it is fitted a nut t, free to move up and down. To t^h nut, is attached a chain t, which, 
passing down, is wound upon the chain-drum and made fash The chain-drum is caSvlh 6ne 
piece with the spur-wheel »*, and keyed on a short shaft, gearing into a spur-pinion »• on the boss of 
the disc f*, which runs loose on the tin roller^shsft J. A stud is fixed in the disc, which bears a 
oatoh t*, that takes hold of the teeth in the ratchet-wheel fixed on the tin roller-shaft^. A 
bent sprii^ clips into the ring-groove, in the end of the journal and its free end rests on the 
small catch thus completing the connection between the quadrant and thh tin roller, by means of 
which the yam is wound upon the spindles. 

When the backing-off is complete, and the faller-wiro is down at the apex of the qop, the anti- 
friction bowl at the foot of the pendant bar p* is resting on the lower part of the short incline, at 
the &ont of the shaper B. As the carriage, on running in, commences to wind the yarn on the cop, 
the bowl Ascends tho incline, further depressing the faller-wire to tho base of the upper cone. The 
action of the ports is to uncoil the chain from the winding barrel, whioh gives motion, through the 
spur and ratchet-wheels, to the tin rollers, and tlience to the spindles. Th0 quadrant moves 
round its centre I rev., and gives less cliain, which increases the speed of the spindles, as the threads 
approach the apex of the cone of the cops. 

When the building of the cop commences, tho above-mentioned nut stands at the bottom of the 
screw, at the centre of oscillation. On tho extremity of this screw, is a bevel-wheel T*, gearing into 
a similar wheel on the boss of a spiral wheel T'-*, running on a fixed stu^ This spiral wheel 
gears into a second spiral wheel T’, on the shaft T* ; on the same shaft, is fixed the spiral roller 
T®. At this point tho bowl begins to descend the longer incline of the shaper, which allows the 
faller-wire gradually to rise, guiding the thread to the apex of the cone of tho cop, as the spindle 
winds it on. For a short distance, at both ends of tho shaft T^ is cut a sorow-thread, which passes 
through a fixed nut boaring the shaft up. As tho latter turns round, ^ tho spiral roller is taken 
towards the back, which gives loss motion to the nut in tho radial arm ; tiiis continues till the 
bottom of the cop is completed, when the spiral roller passes out of range, and its action ceases. 

By means of this arrangement, when the yarn becomes too tight in winding on, the counter- 
faller o is depressed ; a lever under the cariiage, which is attached to tho oounter-faller by a chain, is 
lowered until it oomoa into contact with the spiral roller, to whioh it gives motion ; by this means, 
the screw in the radial arm is turned round, working the nut upwards, until the yarn is elackeped 
so much as to permit tho counter faller to rise, and to disengage the lever from the spiral grooves 
in the roller. 

When the winding of tho yarn upon tho spindle is completed, and the carriage arrives at tho 
drawing rollers, the fallers are disengaged by the pendant bar striking a fixed stop in the frame, 
pushing it outwards, and disengaging it from Iho slide, wheit the fallers rise by the action of their 
springs. When the carriage has been put up, and has arrived within a few inches of the roller 
beam, the faller-shaft comes into contact with the incline E*, pressing down the end of tho long 
beam, lever E, and forcing the pendant bar, with its circular incline, away from the steel pin, which 
allows the catch-box to turn the cam-shaft ^ rev. when it puts the strap upon the fast-pulley, 
and all the other motions into their original positions, where they are ready to recommence 
spinning. 

The operation of this complex arrangement of shafts, wheels, levers, pulleys, ropes and springs, 
may bo briefly recapitulated as follows : — Tho creel having been supplied with bobbins containing 
rovings, the ends of the latter are passed through small guide-wires, and between the three pairs of 
drawing-rollers c. The function of tho back pair — that first taking hold of tho roving — is simply 
to draw the latter from the bobbin. The motion of the middle pair is slightly quicker than the first, 
but only sufilciently so to keep the roving uniformly tense, in order that when delivered to the next, 
or front pair, running much more quickly, the “ drawing,” or attenuation of the roving may be 
equal throughout. Connection is then established between the Attenuated rovings and the spindles. 
When the latter are bare, as in a new mule, the spindle-driving motion is put into gear, and tho 
attendants wind upon each spindle a short length of yarn from a cop held’ in the hand. This done^ 
the drawing-roller motion is placed in gear, and the rollers soon present the attenuated roving in 
front, to which t^e threads on the spindles aye then attached, by simply placing them in con- 
tact with the untwisted roving. The different parts of the machine are next simultaneously 
started, when the whole works in hai;pioDy together, the back rollers pulling the sliver from the 
bobbins, and passing it to the succeeding pairs, whoso differential speeds attenuate it to the required 
dej^ree of fineness. As it is delivered in front, the spindles, revolving at a rate of 0000-9000 rev. a 
minute, twist the hitherto loose fibres together, thus forming a thread. Whilst this is going on, the 
spindle-carriage is being drawn away froin the rollers, at a pace very slightly exceeding the rate at 
which the roving is coming forth. This is called the ** gain ** of the carriage, its purpose “being to 
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elimiBate all irregularities in the fineness uf the thread. Should a thick place in the roving eume* 
through the rollers, it would resist tlie efforts of the iipindle to twist it ; and, if passed in this eon* . 
dition, it would seriously deteriorate the quality of the yam, and impede subsequent operations. As, 
however, the twist, spreading itself over the level thread, gives firmness to this portion, the thick 
anS ufibVisted part yields to the draught of the spindle, and, as it approaches tenuity of the 
roraainder, it receives the twist it had hitherto refused to take. The carriage, which is home upon 
wheels, continues its outward progress, until it reaches the extremity of its traverse, which is 64 in. 
from the roller beam, when the revolution of the spindles ceases, the drawing rollers stop, and the 
backing«off commences. This process is the unwinding of the several turns of the yarn, extending 
ftrora the top of the cx)p ifi process of formation to the summit of the spindle. As this proceeds, the 
faller-wire, which is placed over and guides the threads upon the cop, is depressed ; the counter- 
fallcr at the same time rising, the slack unwound from the spindles is taken up, and the threads 
are prevented from running into snarls. When the backing-off is completed, the carriage com- 
mences to run inwards — that is towards the roller-beam — the spindles winding on the yarn at a 
uniform rate, but by means of a varying speed in their revolution, as the faller is guiding the 
thread upon the larger or smaller diameter of the cone of the cop. Immediately the winding is 
finishedftho depressed faller rises, the counter-faller is put down, and the Jbrmer actions recom- 
mence in the order dcscri^ied, and are repeated until the set ” is completed — that is, the oops on 
each flpiiidte are perfectly formed. In modern mules, when the set is finished, a stop-motion 
paralyzes every action of the machine, rendering it necessary to “ doff,” or strip the spindles, and 
to commence anew. - Doffing is performed by the attendants raising the cops partially up the 
spindles, whilst the dOrriage is out ; then depressing the faller, so far as to guide the threads ui.)on 
the bare spindle below. A few turns are wound on, to fix the threads to the spindles for a new 
set, and then the cops are romovod, being collected into cans or baskets, and subsequently delivered 
to the waroliouse. Tho rbmaiuder of the “ draw ” or “ stretch,” as the length of spun yam is 
called when tho carriage is out, is tlien wound upon the spindles by the carriage being run up to 
the roller beam. Work then commences anew. 

The modern mule is one of tho most perfect triumphs of mechanical skill, Tho processes 
described abovl 're entirely automatic, the labour of the attendants being confined to superintend- 
ing : supplying thu creel with rovings, piecing the broken threads, doffing the completed sets, and 
cleansing and lubricating the whole. In order, however, that the best results may be secured from 
the machine, it is' micossary that an intelligent supervision should be exercised over it by managers, 
and great care b^ displayed by the attendants, otherwise serious damage can easily be done, and can 
only be repaired at great coat and trouble. Imperfect adjustment of the spindles and rollers, or 
neglect to lubricate the spindle footsteps, bolsters, and roller-bearings, or the friction surfaces of 
the heacistock, may soon cause tho neglected parts to wear down, and cause more or less defective 
action in the parts, greater labour for tho attendants, and an inferior product for tho result. 

One of tho most imi^ortant parts requiring attention is tho setting of the drawing-rollers in all 
the machines wliere they occur. Should tho top and Iwttom rollers of each pair not be set accurately 
parallel, a groat deal of destructive action takes place. In one part, the fibre is overdrawn, strained, 
broken, or cut. On tho opposite side, where tho rollers are tpo close, it is underdrawn and nepped 
(rolled), tho product from the different bosses varying also in counts. The fluted surfaces, and tho 
leather covers, are also greatly injured, and soon wear out. Grent skill and care have hitherto been 
required for setting the top drawing-rollers with the accuracy necessary to produce tho best results, 
and these qualities are not always available. As tending to obviate th(?se difficulties, we may draw 
attention to tho recent invention of a roller adjusting gauge, by H. H. Clayton, of Hyde, whose 
name has already been mentioned in connection with an improved method of lap skewering. By 
the use of this gauge, rollers may be set witli tho greatest accuracy and speed by an unskilful 
person. 

Tho automatic or self-acting mule is not used for numbers of yarns much above 60*8 or 70*8. 
When these points are passed, it has been found advantageous to retain the hand mule, which' 
admits of being tempered to exigencies more readily than its rigid mechanical competitor. In 
spinning fine numbers of yarns, a distinctly different principle is introduced. When the carriage 
is within a few inches of the end of its traverse, the drawing-rollers stop delivering the roving, 
whilst tho carriage, continuing its traverse, si retches the thr^d tho remainder of the distance. 
This is for the same purpose as the “ gain *’ of tho carriage mentioned in spinning the ordinary 
counts. 

In spinning the finest counts, tho ordinary hand mule ifsolf has to give place to a still more 
sensitive form of the mule, called the “ Box Organ.” In this mule the arrangement of the parts is 
such as to compel the spinner to wait until all the vibration ceases, before making tho different 
changes. This is requisite, as the least tremor has a tendency to break down the almost invisible 
threads. This machine is usually employed for numbers above IfiO’s, 

TliO throstlo-framc, as used in cotton-spinning to-day, is a development of the **waim-firame** of 
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Arkwright. The latt^ machine) at the time of its inteii^on, was justly regarded as displaying 
remarkable ingenuity and merit. In it, the system of drawing or attenuating the roving by means 
rollers was first m^e a practical success, and proved so superior to all other modes that, until 
the invention of riie mule, by Crompton, the water-frame stood far above all competitors. After the 
expiry of Arkwright’s patent, the existence of which temporaiily prevented the mule coming imA 
use, the latter kept it in check, hut never altogether displaced it. The relative superiority, in point 
of solidity and firmness, of yarn spun upon the ^ater-frame rendered it extremely suitable for warp 
purposes, and better than could be obtained from the mule. B maintained this position until quite 
a recent date ; and even now, the best mule-spun yarn does no more than equal it. For producing 
some desoril^tions, it is yet esteemed superior to all other machines, and unless such exist in the 
ring-frame-— itself an* important modification of the throstle— it is held to be without a formidable 
rival, 

The throstle-frame is one of the series of bobbin-and-fly frames ; in fact, the parent of the whole. 
In appearance, it differs little from the roving frame, previously illustrated,- except that in detail 
its parts aVe smaller, and. its spindles are more numerous. The latter run at a velocity of 3000- 
6000 rev. a minute, and are driven from a central shalt, placed within, and extending throughout 
the length of the machine, and supplied with driving pulleys at one end pf the frame. This shaft 
carries a bng tin cylinder, from which motion is transmitted to the spinqleS, by means of endless 
cotton bands, running upon small wharves on the latter. Each spindle ts supplied with a flannel, 
leather, or cloth washer. On the top of each spindle, is mounted a flier ; and midway, is the bolster- 
rail. When ready for work, each spindle is supplied with a bobbin — a small short tube with a 
flange at each end. These flanges differ in shape, the top one being slight^y convex on its upper 
surface, the bottom one being concave, causing the bobbin, as it were, to stand upon a ring, coinci- 
dent in its dimension with the circumference of the flange which constitutes the base. It is con- 
structed thus, in order to dimmish the friction that would otherwise e::^t. The bobbin fits loosely 
upon the spindle, and rests upon the cloth washer.' The spindle-bolstM, Jn most frames, is maile to 
traverse up and down a distance equal to the length of the tube of the bobbin, or the space between 
the heads. This is called its “ lift.” In some instances, there is an iudopondont lifting rail. The 
“ ends” or threads having been attached to the bobbins, and the machine having h'^on started, the 
twist is put in the roving as it comes from the rollers by the revolution of the spmdles, tbe thread 
passing through the top of the flier, and then around its leg to the bobbin. The latter, being only 
in slight contact with the spindle, has a constant tendency to fall behind it in speed, wore it not 
pulled along by the attached thread. As, however, the latter is being delivered by the rollers, the 
bobbin is permitted to drop behind, so much as to take up the yarn as it is spun, winding it upon 
its barrel or tube. In order that the yarn shall be evenly distributed, the bolster or lifting rail 
carries the bobbin up and down tlie spindle, which causes the yarn to be wound in even layers. 

“ Doffing,” which is the operation of removing the full bobbins, and supplying the spindles 
with another set, is performed by the attendant called n “minder” — always a female — and an 
assistant child of either sex, denominated a doffer. In an ordinary sized frame, this generally 
takes 4-5 minutes ; and, as the bobbins are small, and doffing is a frequent operation, ©specially in 
spinning low Nos., it is obvious that a considerable amount of time is expended on that process, 
besides the cost of keeping a set of operatives to perform it. The latter amounts to 4d.-6d. a spindle 
per annum. In consequence of tliis, many attempts have been made to devise some method of 
superseding manual by mechanical doffing, one of which, invented by Bernhardt, a spinner of 
Eadcliffe, near Manchester, is generally regarded as a practical success, thougli the first cost of its 
application has prevented its extensive adoption. 

The throstle-frame has always possessed two great merits, those of being continuous in its 
operation, and of permitting the employment of female labour for its superintendence. These 
principles have led to numerous efforts to overcome its acknowledged defects, with the result that 
great improvements have been made from time to time. Amongst the earliest of these efforts must 
be ranked those of the late G. Bodmer, of Manchester. In patents taken out in 1838 and 1842, 
there are descriptions of a “ bastard ” spinning frame — a thVostle-frame without fliers, and with 
mule spindles, on which cops were spun like those in the mule. This frame possessed what would 
now be called the ring and traveller, and, without much doubt, it forms the basis of the modern 
ring-frame, the origin of which is generally attributed to American inventors. 

The throstle-frame, owing to its being available for the employment of female labour, was 
always the most popular spinning machine in the United States; and the experience gained by 
its extensive use Simulated invention and led to its comparatively perfect development. 

Whether the ring-frame was an English or American conception originally, it is undoubtedly 
the fact that it is in the latter country that it has been brought to such a degree of perfection as to 
xendei' it a better machine than the throstle-frame, and also to endanger, for low and medium Nos., 
the supremacy hitherto enjoyed by the mule. In this country, during the last few years, it has 
attracted a great deal of attention, and been extensively adopted. 
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Tbe ring'^fraiae is a modified throsUe, md preaerveB its ohief featares. It differs firom the loitter 
maoMne mainly in having the flier replaced by a ring, which is fitted in the traverse rail. From 
« this it takes its name. This ring is grooved inside and ont, or made with flanges, and is ftimishe^ 
with a small piece of flat steel wire bent in a form almost like the letter D, with the vertical line 
thmugh, to permit its passage over the flange of the ring, when it clips into the groove. This 
is called the traveller. Its oflBce is to constitute a drag upon the yarn, by means of which the 
latter is wound upon the bobbin. Its size and weight depend upon the counts of yam required to 
be spun : coarse yams demand the largest rings and heaviest travellers ; and the finer yarns, the 
opposite. The capability of the frame extends from the lowest numbers to 50's or 60*s ; but it has 
not been found expedient as a rule to pass the first-named point. 

Owing to the high speed of the spindle-SOOO-OOOO rev. a minute — that has been attained in 
the ring-frame, it has been found that the dimensions and construction of the spindle are points of 
vital importanoe^ The frame alluded to above is furnished with what is known as the Babheth 
spindle. Of the three illustrations contained in Fig. 549, A represents a section of the spindle 
complete with bobbin ; B, the spindle with its sleeve ; C, spindlo complete with bobbin. A brief 


description will suffloe to render its construc- 
tion easily comprehensible. The steel spindle 
A is furnished wijth ^ casM^n sleeve B, which 
is firmly secured t6 ft, 'rfnis sleeve at its lower 
extremity has the wharv^ 0 cast upon it, for 
the reception of the driving band. A tubular 
bolster D is constructed to receive the lower 
part of the spindle. Literally it is a com- 
pound of bolster and footstep, Tbo top of its 
tube is furnished with a German silver bush E, 
of which the dark lines indicate the section. 
This, when the spindle has been inserted, forms 
a cavity below, constituting an oil chamber or 
reservoir H. This effectually secures the per- 
fect lubrication of the spindlo foot, and of its 
frictional portion in the bush E at the top of 
the bolster D. The chamber carries sufficient 
oil to ensure perfect lubrication for several 
months, and experiemeo domonstrutos it to bo 
efficient. The question arises at tliis point as 
to whether its lubricating properties may not 
become impaired or destroyed after being sub- 
mitted for a lengthened period to the attrition 
of the revolving spindle; or whether some 
chemiofil action may not be induced wliich 
will essentially change its nature. In con- 
tact with brass in tbo bolster or footstep, after 
some time, oil becomes turbid, green, and 
slightly viscid. If this point has been docidecl 
favourably, as We are assured, this arrange- 
ment would appear to be unobjectionable. 
Should the oil work up and over the top of the 
bolster, the bobbin and yam are still quite free 
from risk of contact, the oil falling down in- 
side the aleevo B, uiid passing out beneath the 
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wharve upon the exterior surface of the bolster. A B C 

By means of the sleeve B and the bush B, the oil is securely protected from contamination by 
loose fibres, dust, or atmospheric influences. Upon the top of the wharve 0, a brass cup P is 
8c*ourely fixed, for the reception of the foot of the bobbin G, which, however, has its chief 
bearing at the bushed part near the top of the spindle. Tlie brass cup Assists to steady the bobbin, 
and preserve tbe balance of the spindle ; but its principal function is to facilitate doffing. In 
removing the full bobbin, the thread between the bobbin and the traveller coils itself in an open 
spiral upon the sleovo of the spindle. Tho empty bobbin, being placed upon the spindle, pushes 
the tliread downwards into the oup, where it is firmly hold by the contact of the two surfaces. 
After each operation of doffing, the threads are thus secured without loss of time, simply by the 
process of supplying the frame with a fresh set of bobbins. The bottom of the bobbin being within 
the cup, and the thread from the traveller passing over its edge, it is just in tho proper position for 
rccommcnoiijg spinning. The bolster is secured in position by means of the nut K. The wire J is 
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ibr the purpose of retaining the spindle in the bolster d«ri% the doffing operation* or when taking 
the bobbin off other reasons. 

Another of the mdst snooessfnl ring-frame spindles is represented in Fig. 550. It is known in 
tl&is country as the Booth-Sawyer spindle. Like the Babbeth, it is of American origin. In the 
illustration, 1 reinesents the outline of the spindle mounted lirith bobbin ; 2 is a vertical sfis^tion^ 
the ; 3, the bare spindle. As will 
be seen irom the third sketch, 
spindle is very simple, carrying only 
the wharve B, and a cup forming an oil 
chamber K. The bolster has a tube B, 
which is spirally grooved inside. Its 
basement is constructed in the form of a 
tube L* which receives the oil-cup K 
on the spindle. The bush 4, composed 
of bronze, 'is fitted into the top of the 
bolster-tube, and constitutes the bear- 
ing. The footstep 0 is fumishod with 
an oil chamber F, and a tube extends 
to the wharve. In the bolster, lubri- 
cation is offocted at M, when the oil 
poured into the cup flows through the 
hole into the bolster-tube, until it meets 
the revolving spindle, which carries it 
along the spiral groove to the bronze 
bush, whore it corars into contact with 
the bearing surfaces between which it 
is forced by the pressure of the strefim 
ascending from below. As this is con- ► 
stantly going on, the oil would be liable 
to pass over the top, flow away, and bo 
wasted ; but against this, provision is 
made by vertical grooves being cut into 
the sides of the bush, as seen at 4, and p 
in the section of this at 5, the bush * 
being inserted a little below the top of 
the bolster-tube, the oil wliich overflows 
passes down the vertical groove P in ^ 
the bush, and at O re-enters the hdster- 
tube, there to be used over again. This 
is continuous, so that the spiudle is 
kept [>erfectly lubricated, and no oil is 
wasted. When the spindle is at rest, the oil flows down the spiral groove into the spindle cup K, 
where it remains until work is resumed. Both oil chambers are supplied with covers, to prevent 
the entrance of loose fibre, dust, &o. Experience has proved this to be an efllcient and ecxmomioal 
method of lubricating the spindle, which, owing to the high speeds attained, is an absolute neces- 
sity if the machine is to be preserved for any length of time in working ^rdcr. The bobbin for the 
Booth-Sawyer spindle is designed to secure liglitnoss, firmness, and steadiness on the spindle. It 
possesses a wide bore, which extends almost to the top, where it is reduced so as to fit the spindle 
point only. In the centre of its length, it is bushed, at which point the second bearing is formed. 
Thus being firmly held at two points upon the taper spindle, it is quite free from vibration. 

There is a tendency in the “traveller” to collect fibre upon itself, which seriously injures 
the quality of the yam, by increasing the strain upon it beyond the point it is calculated to l)ear. 
Many ingenious attempts have been made to overcome this difficulty, and several plans now in use 
are more or less efficient. 

Tl]e ring-frame appears to have a great future before it ; and since its introduction a few years 
ago, it has greatly risen in public estimation. At the moment of writing, we are informed that 
the largest firm pf cotton machinists in this country have not a single order in hand for ‘the 
ordinary throstle-frame, whilst they^have several for the ring-frame. Every maker of cotton 
mucHineiy in England has turned his attention to it ; and many have sought to improve upon its 
present condition. As ordinarily used in America, and as introduced into this ooimtry, there are 
several drawbacks against its general adoption. The necessity of employing a bobbin, upon which 
to wind the yam, would scTiously interfere with the trade in yam as at present conducted. The 
^mall quantity of yarn tliat can be put upon the bobbin, the weight of tlie latter in proportion to 
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tl^e .yarn, and the cost of its transit to add fro between the spinning mill and the weaving shed, 
would form important items of expense, and do much to neutralize all its advantages.^ A very 
great proportion of the yam spun in this country is produced for sale *in that form, and Js 
manufactured elsewhere. This is not the case in America j hence the same difficulty has not been 
hxt)erw»ced there. Another obstacle to its adoption is the fact that it has not yet been adapted to 
produce weft yarns, or tilling, in the best forms. For some time, filling has been spun upon the 
ring-frame in America ; but w^horo this is the ca^, bobbins have been employed, and these have 
not been capable of reduction below a ix)int which required the use of a large shuttle in the loom, 
or the re-wittding of the yarn upon pirns, both of which courses are extremely objectionable. 

The ingenuity of English machinists has therefore been directed towards the removal of theses 
difficulties, and to the modification of the frame so as to fit it for incorporation with the existing 
system. The attempts made have been partially successful. Several makers have been able to 
dispense with the bobbin, and have spun cops upon paper or metallic tubes. This may be 
regarded as a partial success, but it will hardly be perfect until these can be abolished altogether. 

“ Pin cops, otherwise pirn ” cops, for the shuttle have also been successfully produced from 
machines constructed by Samuel Brooks, of Manchester, and John Tatham, of Bochdale. The 
macliinis upon whieh this hfi-s been done only require perfecting in a few points of detail before 
they become commettial euqccsses ; and this may be confidently expected in a very short time. 

The adopiiou of tisie ting-fraTno is greatly to be desired, from the fact that it will preserve a 
lijyrge amount of capital invested in mills erected 25 -4:0 years ago, but which, owing to recent 
improvements in the construction of the mule, iiro unable to compete with mills furnished with tho 
most modem plant. These, however, c<)iil<l ho easily adaj)ted to the ring-frame : in fact, without 
alteration even are nearly as suitable as new erections would be. On this ground, it is to be hoped 
that success may attend the.efi'orts being made to improve it. 

Keeling. — This is one of several subsidiary processes carried on in connection with spinning, 
according to the character of tho business transacted. It is used in the preparation of yarns for 
export, and also when tho yarn as sucli has to undergo tho further processes of bleaching, printing, 
or dyeing. For tho former purpose, it is straight reeled, and made up into “ short ” bundles ; for 
the latter, ** cross ” reeling is preferred, and the yarn is made up into long bundles. 

Where throstles or ring spinning frames are used, reeling, or “ hall-warping,” is a necessity, when 
the yarn is sold from tho mill, as tho transit of the bobbins backwards and*forwards entails expense 
and loss, which it is usually sought to avoid. Warping will be explained under the next division. 

Doubling. — This is a proc^oss in lh(^ course of manufacture, and is generally carried on in con- 
nection with spinning, though it often forms a separnhj and independent business. In it, two 
threads are twined together to form one. The throstle machine is most usually employed for the 
purpose. It is iu all respects the same as the spinning-frame, except in being deprived of tho 
drawing-rollers, which are replaced by a single pair of rollers of larger diameter. There are two 
processes of doubling, culled “ wot,” and “ dry.” In tho former, this pair of rollers are covered 
with brass, to prevent oxidation. After it leaves the cop or bobbin, tho yarn is passed tlirough 
zinc troughs filled with water. Inconvenience arises from the uso of these troughs, through their 
liability to become receptacles for loose fibre, dust, &c., which is agitated when tho water is 
renewed, and fouls the yarn, or necessitates tho stoppage of the frame during its subsidence. 
This may bo avoided, and all^tho troughs in a frame may be fed at one operation from a supply 
pipe at the end, by connecting the troughs together by me^ans of little inverted U-shaped syphon 
pipes. This will prevent damage to the yar»i, and loss of time. After passing the trouglis, the 
yam goes between tho i)air of rollers to tho flier on the spindle, which gives it the requisite twist, 
and delivers it to the bobbin ; this, lagging slightly behind the spindle in its revolution, winds up 
the thread. 

In tho doubling-throstle, especially where fine nnmlwrs arc doubled, several seriouB disad- 
vantages are encountered. One of these is in the fact that after doffing it is necessary to oil tho 
spindles, iu order to make tho bobbin slip more freely than it otherwise would, so as not to 
break the fine threads in prexjess. ' The consequence is that many bobbins soon become saturated 
with oil, the dry porous wood readily absorbing it, whereby the weight of the bobbin is greatly 
increased, and tho tlrag is rendered unequal as coinimred with others that have not absorbed oil. 
This produces irregularity in the yam. A greater evil is the large number of bobbins that are 
rendered useless. The saturated bobbins also stain the yam wound upon them, by which its 
value is depreciated 8d.-6d, a lb. Often when a frame has been replenished with bobbins 
it is found that several will not slip ; and the threads, after breaking and being pieced several 
times, are thereby rendered unfit for their purpose. They are then taken and stripped with a knife: 
yarn worth l-5s. a lb. being thus reduced to waste, worth only 4r-6d. a lb, In numerous other 
ways, yarn is stained by the saturtitod bobbins, and thereby greatly depreciated in value. A great 
quantity of oil is also consumed in the lubrication of the spindles, and a heavy loss is sushiined 
weekly by the necessity of throwing out as unfit for uso a great number of saturated bobbins. 

The losses thus arising have led to many attempts to devise a remedy, though, until quite ^ 











I 


I 


COTTON MANUFACTfUEm 

rooently, without much sucoesa. An invention just perfewtcd^nd patented by Taylcn* and Raxnsden, 
of Bolton, has, however, aocomplisl:i^ the end sought. The arrangement is illustrated in Fig. 651. 
The spindle is reduc^ irf length, and slightly tapered towards the top. The flier / is removed 
from the summit of tlie spindle— the position it occupies in the ordinary throstle 
— inverted, and relegated to the place ibrmerly occupied by the bobbin 6. In- 
stead of being, made fast, as before, it has a boss V' fixed to it, and is left loose 
upon the spindle, resting upon the bolster-rail r, with only the ordinary leather 
washer intervening. Midway on the spindles, is* placed a bi^d h\ uniform in 
height. These braids have a rib cast upon and aorcfs tbeir upper surface. The 
bobbin h being put upon the spindle, descends to the braid, the rib upon the latter 
fitting into a groove hj its base, It is there held with sufficient firmness to pre- 
vent slipping. It will thus be seen that with tho inversion of their relative 
positions, their functions are also exchanged : the drag being obtained from the 
flier, instead of the bobbin, as before. Fig. 551 exhibits the application 
Taylor and Eamsden’s invention to existing spindles. In the construction of 
now machines, it would be further modified, as seen in Fig. 552. Thi^r^ro- 
sents the most perfect form it has yet attained. The important changei|iii®sOted, 
will be best seen by contrasting the following particulars of the old ; 

forms : — ^length, 16 in. : 11 in.; weight, 14 J oz. : 5 oz. ; length of travel^ 2 ill.; 

1 J in. ; weight of flier, 3 oz. : 1| oz. ; diameter of bobbin across top, 1^ in. : 2 in. 

The new form easily attains a speed of 7000 rev. a minute, whilst maintaining 
good results. The braid b' is dispensed with. 

The advantages of this arrangement arc obvious, and will commend them- 
selves to everyone practically acquainted with the niatter. The bobbin. is placed 
quite away from contact with oil, and revolves with the spindle. Inhere are 
consequently no bobbins saturated, and rib oil-stained yarn. The fliers.npt being 
to take olf, doffing can be performed by the minder, a spindle at a timj^i without 
stopping the frame. This increases production and diminishes expense, dis- 
pensing with doffors’ wages. The space between tho arms of tho flier is, alao 
increased. Bobbins can be used until they break, and the iutroduct’on of larger 
flanges greatly increases their capacity, and reduces the number of knols made 
by piecing the yarn in the winding room. Tliero is no waste from snarled yarn 
at the spindle top, as in the old arrangomont. In wet doubling, tho fliers soon 
become rusty, and comparatively rough, which, owing to the tliroad having to 
pass several times round the arm, causes it to bo frayed and roughened. In the ] 
new arrangement, this is obviated, the surface of the yarn is more glossy and free from fibre, 
enabling a better thread to be made from a standard quality of cotton, or the standard to bo lowered, 
whilst the quality is maintained. 

In a large establishment, say of 65,000-70,000 spindles, the economy resulting 652. 

from this invention has been estimated at 1500/. per annum, and may safely be 
put at a considerably higher figure. 

The ring-frame has also been very successfully adapted to doubling, and 
the yam from it occupies a position intermediato in its charactoristifts between 
the productions of the throstle-frame and the twiner. 

The last-named machine, the twiner, is an adaptation of the mule for doubling 
purposes, and the characteristics of tho yam from it are that it is less firm and 
hard than that from either of the above-mentioned machines. 

Gasing. — This is a process in which yarn is passed through a jet flame, in 
order to bum from the surface of the yarn the ends of tho fibres that have not 
been thoroughly incorporated in the thread in the course of spinning. The yarn 
subjected to this process is usually doubled, and is used in tho lace trade, and 
when polished for mixing with silk goods ; in this connection, It usually forms 
the back of what are termed silk-faced textures. The gasing machine is like 
almost all others, nearly automatic. Tho yam is wound from one bobbin to 
another, and, in its passage, goes through the flame. When the thread breaks, 
or the supply is finished, tho gas jet automatically drops out of its position, until 
the connection is again made. In stopping tho machine, the same thing occurs. 

Every care is taken to reduce breakages of the yam to a minimum, as knots aro a 
serious drawback to the value of this (^inscription of yam. An essential quality of 
a good machine is that the pace of the thread should be capable of the nicest 
adjustment, so that it may never be under-singed nor burnt The driving in 
or(ier to secure this object should also be thoroughly uniform. There are several machines in the 
, market, differing somewhat in details, but they call for no further description. 

Polishing. — This is another of the subordinate processes employed in special branches of the 
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cotton industry, tn this, the hank of yaq^ is placed over two irollers of a machine, the distance 
between which is graduaidy increased, thus stretching the yam to its full extent, whilst a sizing 
of beeswax and other materials is applied thereto. This imparts to iW thread a beautiful gloss, 
and when the yam is dyed in bright colours, the effect is exceedingly rich. Polished yam* is 
r^ostl;^us^ for silk mixtures. 

CQtim Weaving or Mmufmtaring.^K.^ technically understood, manufacturing forms the second 
great division of the processes usuall/ grouped under that term, when used in its most extended 
fiigni^oaticn* : In the restricted sense in whiah if has to be considered, it includes all the processes 
necessary to triinsform yarns, after they lekTe the spinner, into the various descriptions of cotton 
cloths. These processips are five in number, and may be briefly defined as follows 

1. “ Winding.’'-rThi8 is the operation of transferring yam from the cop or hank, to bobbins, % 
prepare it for the next stage. 

2. “ Warping/*— In this stage, a given number of bobbins, generally 300-500, are placed in 
a creel, and the threads are wound thence in parallel order upon a large bcjam, to a length of 
3000-5000 yds. This is the plan pursued where the sizing machine is used. Where the old 
system of ball sizing is retained, the method is different. 

8. J^Sizing/*— This ^ci^sts in immersing the yarn in a fluid composition, containing water, 
flour, starch, and Cihdr naaiAalH ; the object is to solidify and strengthen the threads, to enable them 
lo withstand the frictkm ai^d strain incident to the subsequent process of weaving. There are three 
methods of doing tbis»:#hicb will bo described in their place. 

4. Diuwing- or twisting-in the warp/* — This is simply furnishing the warp with the necessary 
hcalds, or harness, to make it ready for the loom. 

5. ** Weaving/* — ^This is the art of interlacing threads, in such a manner os to make a web or 
texture. It is subdivided ipto branches ; plain, twill, figure, and leno weaving. All these arise 
from the order in which the threads of the warp are opened to receive the weft, or filling, which 
composes the cross threads of the texture. 

Id primitive times, the ad of weaving was of the simplest character. The weaver spun a single 
thread, and wound it into a ball ; then stuck two or three sticks into the ground, and passed the 
thread around them a jjftifBoient number of times to give the breadth and length required for the 
warp ; next he interlaced a second thread by the simple process of darning, pressing the latter as 
closely together as ho desired by the aid of his fingers. For a long time, xery little progress appears 
to have been made. Some of the ancient nations, such as Egypt, Persia, Assyria, and Greece, 
attained great skill in the textile art, though the instramonts they possessed showed little advance 
upon the above. India for many centuries possessed an almost world-wide reputation for tlie 
variety, beauty, and fineness of its textures ; all these were manufactured by the simplest tools, the 
thread being spun by the distaff and spindle, or the single thread wheel, and the shuttle being 
passed through the open warp from hand to hand. 

It is, however, to Lancashire that the world owes the impetus given to invention in the textile 
arts. Nearly all the great improvements have originated and been perfected within the boundaries 
of the county, and within a few miles of each other. The first groat step was made by the elder 
Kay, of Bury, by the invention of tlio picking-stick, and the attachment of boxes to each end of 
the slay or lathe of tho loom, for the reception of tho shuttle, in place of the hand of the operative. 
This so greatly increased tho productive power of the weaver, that cotton weft yarns — the warps 
were of linen — became exceedingly scarce, and advanced so much in price, that the spinners 
enjoyed a period of groat prosperity. The weavers were often compelled to wander from cottage to 
cottage for several days in order to collect a sufficiency of weft to supply them for the remainder of 
the week. 

This state of matters stimulated invention very greatly, and, in many secluded comers, 
** conjurers/' as the people then called inventors, were working to devise remedies for the scarcity 
of yam which so many felt. Jas. Hargreaves, of Oswaldtwistle, near Blackburn, was the first to 
accomplish on Jiis jenny/* the feat of spinning more than one thread at a time. Tho treatment 
ho met with need be only cursorily, alluded to here. The rapid manner in which the new invention 
spread in East Lancashire was not regarded with complacency. Mobs broke the jennies wherever 
they could find them, and compelled Hargreaves to fly for safety, which he found in Nottingham. 
Arkwright, thus warned, when he had made his water-frame a practical success, migrated in the 
same direction. Crompton closely followed these men with his combination of the jenny and the 
water-frame, which received the name of the “ mule.*' The details of the two inventions last- 
named were wrought out almost upon the same spot, Bolton, and not long apart. 

The invention of the jenny, the water-frame, and the miue, soon yielded an abundance of yams, 
and the question arose os to how to work them up. Mechanical production suggested « 
mechanical power of consumption : hence the power-loom. A clergyman named Cartwright appears 
to have been the first to broach this idea, and to attempt its realization. After spending several 
years, and a considerable fortune, in the attempt, he only succeeded in achieving a very limited 
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of 0 «oo©«i. But the idea was not destiued to bejioit .‘^others wete assiduonsl^ labouiiiig to 
itttaiu the saufc© end!. Morrooks, of Stockport, and Miller, of Glasgolir* soon suoeeeded better 
Bulloughe, of Blaiskbqrn, Slid a host of minof inventors, have oontributed to bring the loom to its 
prSaent degree of perfection. To no one, howevOT, can be given exclusive merit ; each man’s im- 
provement forms a complem^ to preoeding inventions, and the earliest require the latesi; to jperfeot. 
them. The system as njswl^sting has been developed from the experience and labonrs of many* 
It is not yet perfect ; frequent oontrihutions are being madb, and more are needed. . <1 ; 

T/i 0 prea«f»y--S'Asd.— The rranarks made oono«miug the selection of a site for a i^innih^^-mill, 
apply with equal torce to that for a manufacturing establishment. To secure freedom from vibra- 
tion, and a cool and soft atmosphere, the weavtog-shed % always by preferen< 5 e planed a ground 
door. The preparation may he conducted in a building of two or three stories, sl^ld it be 
desirable to economize the ground space. The site shcmH always be chosen so as to permit the 
windows of the roof of the weaving-slied to run in a direction from east to west, in order td present 
the glazed portion to the north, the light from this point being the .greatest, moa| steady, and best 
adopted foi; manufacturing purposes.. This point secured, regard must be had to the arrangement 
of the looms, which ought to run at right angles to the bays of the roof,^/|pide^ that toe slay, or 
lathe, may not cast shadows upon the warp in the process of ^>■eavui^ spd. thereby interftjge with 
dhe ability of the weaver to perceive the occurrence of breakages, or 0^ . 
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Figs. 558 and 554 toow plan and section of a well-arranged weaving-mill, |rom designs by the 
ardiitects who furnished those for the spinning-mill. It will be seen thai the general arrangement 
is sndh as to avoid the necessity of the material going over the same ground twice, which would 
increase toe cost of handling. Assuming that the supply of yam is purchased, it is brought into the 
^establishment in large skips or baskets, holding 300-400 lb., ahd is warehotu^ in the yam store. 
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II ii^ il^litreo^ lo tike windeigir iiescli tipon Wl^biiis, to lbe 
kf dbte idbsers. After undergoiTig tbe sisdxig 'process, It is delivered iipbn loom beamsy'tl^'tl 
<‘dr«wiBg4iy>” or '•* ioomiag-room *V fi)r the drawers or twisters to finisli it for the loom. I^snc 
tenished with healds, it psesea to the weaving-sl^, in which, so h* as manti&etnre is do; 
cerne^, it is completed* It is only in very rare instances in this 4>untry that hleaehihg, dyein 
or panting is carried on in the same establishment. Weft yarns, not^e^ring shy l^tmoot i 
|tMisi% from the ^mier to the weaver, when received, are warehoused in the w«fl jftoro, when 
thoy^are delivered in small nans or baskets ov6>r the counter to the weavers in the bom she 
When the cloth is woven, it is cut into certain' lengths, called pieces,** and sometimes colleot« 
from the weavers by /fc labourer, carried into the warehouse, and entered to each weaver's oredi 
In otb0r oases^ the weavers perform this duty themselves. The cloth is next examined, made in 
bundle^ ahd 4<M^tched to the agent or merchant in Manchester. 

The'^^awte ph(p is designed to represent a mill of about 700 looms, and the complementai 
maohinery, working medium numbers of yams. It contains four winding frames, of 300 spindL 
each j six warping frames ; two sizing machines, and 700-750 looms. The mofive power is supplic 
by two tubular boHef^ ft. in length by 7 ft. diameter, which are supplied with a Green*s Bcon( 
mbser ^ lOO pipef^; andtfs^j horizontal engines, driving a largo fly-wheel, grooved for the receptic 
of ropes, by which power Is transmitted to tlie main driving-shaft, which is walled off from the she< 
in order to secure cleanlinsss, and to partially deaden the noise produced by the gearing. From tl 
main shaft, and connected with it by bevelled gearing, a line of light shafting runs parallel wilh an 
between each two rows of looms, set back to back, which are driven from it. In the changes inevitab] 
in the conduct of a large business, such as is implied by a mill like the one described, it sometime 
occurs that ordent for liglitly picked goods will be received, in working which, the looms will ovei 
run the preparatory ^^partment, which would cause inconvenience, loss of time, and diminishe 
production. In order to li^id this result, a small engine is provided for overtime working of th 
preparatory <^artm«nt— t^ocially the sizing machines, — without running the shafting and geariii 
of the other poiiibn. The iteam left in the boilers— and which would otherwise condense duriii] 
the night— "is geperally ittffleient for this purpose, and is thus utilized. A mechanics* shop fo 
making repairs competes the equipment of the establishment. 

Winding. — The flint machine in the complement is the winding frame, of which a view is givei 
in Fig. 655, It is one of the simplest machines in the series necessary fo^ manufacturing ; and it 
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parts require only brief description* A skewer rail a exten^^ throughout the length iff th© frafo© ; 
h is the knee-board, covered with flannel, to cleanse the yam from leaves, motes, and impurities! 
The next part is the traverse-raa^ carrying the brushes c, thedark Hue running below representinr 
a steel or glass rod. The box d is provided for the opemtive to pUe the yam upon, in a position 
convenient to the band. The spindle carrying the bobbin /, is connected between the wharv© i 






